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||f^^«^>f| America^ William Hilliard, of the said district, has de- 
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^ printed frotn tlie mathematical text boik, compiled hy the late presi- 
'< dent Webber for the use of the University at Cambridge.'* 

In conformity to the act of the cong^ss of the United States, entitled 
*' an act for the encouragement of learning by securing the copies of 
" maps» charts, and books to the authors and proprietors of such copies 
** during the times, therein mentioned ;** and jdso to an act, entitled 
" an act for the encouragement of learning by securing the copies of 
" maps, charts, and books to the authors and proprietors of such copies 
'' during the times, therein mentioned ; and extending the benefits there- 
" of to tiie arts of designing, engraidngf and etching historical and other 
"prints.'* 

W. S. SHAW, derk of the dittrict of M<Machu»ett». 
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College, the arithmetical part of Dr. Webber's Math- 
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a view to the accommodation of those learners, who 
do not proceed to the other branches of the science ; 
and also of instructors who are preparing scholars for 
the University. The examination for their admission 
will be conducted according to this system. * 

Cambridge^ April 1, 1812. 
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UMBER is the abstract ratio of one quanti^ p 

another of the same kind, taken for unity. 

Theoretic Arithmetic is the science of numbers^ 

Practical Arithmetic is the art of numbering. 

In Arithmetic there are five principal or fundamental rules 

for its operations, namely, Notation, Addition, Subtraction, 

JMultiplication, suid Division. 

NOTATION.* 

NoTATioK teaches how to read any proposed number, ex- 
pressed in characters, and to write any proposed number in 
characters. 



• 

* As it is absolutely necessary to have a perfect knowledge 
of our excellent method of notadon, in order to understand the 
reasoning made use of in the following Notes, I shall endeavour 
to explain it in as clear and concise a manner as possible. 

1. It may then be observed, that the characters, by which all 
numbers are expressed, are these ten ; 0, 1, 2, 3, 4, 5, 6, 7, 
8, 9 ; is called a cypher^ and the rest, or rather all of them, 
are called Jigure^ or digits. The names and significadon of 
these characters, and the origin or generation of the numbers 
they stand for, are as follow ; nothing } 1 one, or a single 

2 



10 NOTATION. 

I. To read Numbers* 

RULE. f ' 

To the simple value of each figure join the name^yf its place^ 
beginning at the left and reading toward the right. 

EXAMPLES. 

r 

Read the following numbers. 

37 30791 111000111 

101 70079 1234567890 

1107 3306677 102030405060708090 



thing, called an unit ; 1 and 1 are 2 two ; 2 and 1 are 3 three ; 
3 and 1 are 4 four ; 4 and 1 are 5 five ; 5 and 1 are 6 six ; 6 and 
1 are 7 seven ; 7 and 1 are 8 eight ; 8 and 1 are 9 nine ; and 9 
and 1 are ten, which has no single character ; and thus by con- 
tinual addition of one, all numbers are generated. ^ 
\ 2. Besides the simple value of the figuretf^ as abo^ noted, 
they have each a local value according to the following IaW| 
namely, in a combination- of figures, reckoning from right to 
left, the figure in the first place represents its primitive simple 
value ; that in the second place, ten times its simple value ; 
that in the third place, a hundred times its simple value, and so 
on ; the value of the figure in each place being ten times the 
value of it in that immediately preceding it. 

3. The names of the places are denominated according to 
their order* Tlie first is called the place of units ; the second, 
that of tens ; the third, of hundreds ; the fourth, xtf thousands ; 
the fifth, of ten thousaods ; the sixth, of hundred thousands ; the 
seventh, of millions, and so on. Thus, in the number 3456789 ; 
9 in the first place signifies only nine ; 8 in the second place 
signifies eight tens, or eighty ; 7 in the third place is seven 
hundred ; 6 in the fouf th place is six thousand ; i in the fifth 
place is fifty thousand ; 4 in the sixth |)lace is four ^undred 
thousand ; and 3 in the seventh place is three million ; and the 
whole number is read thus, three million, four hundi^ and 
fifty six thousand, seven hundred and eighty nine. 
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NOTATION. 
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II. To write Numbers* 



RULE. 



Write the figures in the same order as their values are ex* 
pressed in, beginning at the left, and writing toward the rights 
remembering to supply those places of the natural order 
with cyphers, which are omitted in the question. 



4. A cypher, though it signifies nothing of itself, yet it occu* 
pies a place, and, when set on the riR^ht of other figures, in* 
creases their value like ^y other in a tenfold propordon ; thus, 
5 signifies only five ; but 50, five tens or fifty ; and 500, five 
hundred, Sec. 

5. For the more easy reading of large numbers, they are di- 
vided into periods, and half periods, each half period consisdng 
of three figures ; the name of the first period being units ; that 
of the second, millions; of the third, billions ; of the fourth 
trillions, &c. Also the first part of any period is the part of 
units; and the latter pan, that of thousands. 

The following Table contains a summary of the whole doctrine. 



Periods. 



Half Per. 



Figures 



QuoHril. Tril. Billions. Millions. Units. 



th. un. th. un. tb. un. th. un. cxt cxu 



123,456 789,098 765,433 101^^34 567 800 



ji Syno/uis of the -Eamtm dotation* 

3=11 As often as any .character is repeated, so many 

3sbIII dmSsis its value repeated. 

4a:IlII or IV A less character before a greater di« 

SeesV minishes its value.^ 

0aaVI A less character after a greater m<' 

78srVII creases its value. ^ 

8«VIII 



I? NOTATION'. 

t 

EXAMPLES. 

Write in figures the following numbers* 

Eighty one. Two hundred and eleven. One thousand 
ioid thirty nine* A million and a half. A hundred and four 
score and five thousand. • Eleven thousand million, eleven 
jhundred thousand and eleven. Thirteen billion, six hun« 
dred thousand million, four thousand and one. 

EXPLAJ^ATIOJ^ OF CH4RACTER^, 

Note. It may be proper to explain here certain signs^ 
lised in this work. 

= SIGNIFIES equality ; as, ^0 shiUings *?» 1 pound sig- 
i^fies, that 20 shiUings are equal to one pound. 
-(- Signifies plus^ or addition ; a$, 4+S=6« 
— ^ Signifies mintfSy or subtraction / as^ 6-^-^9=4^ 
X or., Into^ signifies multiplications as, 3X2 or 3'3=:6. 
-^ Btfy or ) ( signifies division; as, 6Hr-2=3, or 2)6(3. 



10= 
60ssL 
100=iG 
50Q=D or lO For every O affixed this becomes 10 

times as many. 
1000=»M or GID For every C and 3, put one at each end, 
>- 3000«MM _ it becomes ten times as much. 

5000 as 1 3 O ; or V Aline over any number incre^se^ \\ 
6000 as VI 1000 fold. 

lOOOOsslTorCCIOO 

5p000ax:IO33 

60000 sLX 

^00000=C]or CCCIODD 
lOOOOOOas Mor CCCCIDOOD 
9000000b MM 

cCC* See* 



NOTATION. 1^ 

Division may also be denoted by placing the dividend 
iftver a line, and^the divisor under it ; thus ^=6-^-2=3. 

••::•• Signi^GS arithmetical proportion; thus 2 ..4::6 •• S^ 
Here the meaning is, 4-*-2=8— 6=2. 

; :: : Signifies geometrical proportion ; thus 2:4:: 3 : 6, 
which is to be read, as 2 to 4^o is 3 to 6. 

-T- Signifies continual arithmetical proportion^ or arithmet* 
ical progression i thus, 2:4:6:8 -r- signifies, that 2, 4, 6, 
and 8 are in arithmetical progression. 

•77- Signifies continual geometrical proportion^ or geometriw 
cal. progression ; thus, ? : 4 ; 8 : 16 -tt signifies, th^t 2, 4| % 
J 6, are in geometrical progression. 

^•. Signifies therefore, 

^^ Signifies the second power , or square ; thus, x^* sig* 
nifies the square of x* 

■^3 Signifies the third powers orcUhe* 

""!»» Siffxi^t^ any power. 

V/, or -1*, Signiaes the s^re root; thus V^. or ^cH* 
signifies the square root of x. 

^V, or ""p". Signifies ^A^ ci/6^ roo^ 

"Vj o** "T*? Signifies any root. 

■^ "^ Signifies any root of any ponver. 

The number, or letter, belonging to the above signs of 
powers and roots, is called the indexj or exponent. 

A line, called a vinculum, drawn over several numbers, 
signifies, that the numbers under it are to be considered 
jointly ; thus, 20 — 7^-8=5 ; but without the vinculum, 
20 — 7+2=21. 'The same thing is also sometimes express- 
ed by a parenthesis, inclosing two or more numbers or 
quantities thus, 20-^7-f.8)==5. 

Two or more letters, joined together like those of a word, 
signify, that the numbers, which they represent, are t6 be 
Siqltiplied together; thus aksaxb; ipd abc=axbxc* 



U SIMPLE ADDITION. 

SIMPLE ADDITION. 

Simpk Addition teaches to collect several numbers of the 
same denomination into one number, calle(^ the sum* 

RULE,* 

1. Place the numbers under each other, so that units may 
stand under units, tens under tens, S(c» and draw a line im- 
der them. 

* This rule, as well as the method of proot, is founded on the 
known axiom, ^ the whole is equal to the sum of all its parts." 
All, that requires explaining, is the method of placing the num- 
bers, and carrying for the tens, both which are evident from the 
nature of notadon. For any other disposition of the numbers 
would entirely alter their value ; and carrying one lor every 
ten, from an inferior row or column to a superior, is evidently 
right, since an unit in the latter case is of the same value as ten 
in the former. 

Beside the method here given, there is another very inge- 
nious one of proving addition by casdng out the nines. 

RULE. 

1. Add the figures in the first line, and find how many nines 
are contained in their sum. 

2. Reject the nines and set the remainder in the same line, 
on the right. 

3. Do the same in each of the other lines, and find the sum 
of the row of excesses. Then the nines of this sum, and of the 
sun of the given numbers being rejected, if the two excesses 
\e equal) the addition is proved to be rightly performed. 

\ SXAMPLK. 



3782 
5766 
8755 

18303 



^6 



SIMPLE ADDITION. 1$ 

/ 

t. Add the figures in the row of units, and find how many 
tens ard contained in their sum. ^ 

3. Set the remainder under the line, and cany as many 
units to the next row, as there are tens, with which proceed 
as before ; and so on till the whole is finished. 



This method depends on a property of the number 9, which 
belongs to no other dipt whatever, except 3, namely, that any 
number divided by 9 leaves the same remainder, as the sum of 
its figures or digits divided by 9 ; which may be thus demon* 
strated. • 

Dehok. Let there be any number, as 3467 ; this separated 

into its seve ral part s becomes 3000+'*00 +60+7; bttt3000a3 

X I000*a3x999+ 1 s=s3x999+3. In like manner 400=4x 

'994.4, and 60=:6x9+6. Therefore 3467b3x999+3+4X 

99+4+6x9+6+7 = 3x99^+4x99+6x9+3+4+6+7. And 

3467^3X999 + 4X99+6X9 3+4+6+7^ But3X999+4X 

9 9^9 

99+6x9 is evidently divisible by 9 ; therefore 3467 divided by 

9 will leave the same remainder, as 3+4+6+7 divided by 9 ; 

and the same will hold for any other number whatever. Q. £. D. 

The same may be demonstrated universally thus. 

Demon. Let JV=s any number whatever, a, d, r, &c. the dig- 
its, of which it is composed, and 71= as many cyphers as a, the 
hij^hest f!igit, is place s from unity. Then JVa:^a with n Os+d 
with w— *l Os+c with n — 3 Os, &c . by the nature of notation ; 
=flXn 9s+a +bxn — 1 9&+b+cXn—2 9s+c, &c. =5saX» 9s+d 
Xn — ^I 9s+c xw — 2 9s, &c. +a+6+c, &c. but axn 9s+dx« — I 
9s+cx« — -2 9s, &c is plainly divisible by 9 ; therefore JVdU 
- Tided by 9 will leave the same remainder, asa+6+c, 8cc. divid« 
ed by 9. Q. E. D. 

In the very same manner, this property may be shown to be- 
long to the number three ; but the preference is usually given 
to the number 9, on account of its being more convenient in 
practice. 

Now from the demonstration here given, the reason of the 
rule itselt is evident ; for the excess of nines in each of two or 
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SIMPL£ ADttltlOJf. 



METHOD OF PROOF* 

^ 1. Drawa line between the first and second lines o( fij^ 
ores to cut off the first number. 

2. Add all the other numbers, and set their sum uilder the 
aum of all the numbers. 

3. Add the numbers last fbund and the number cut off; 
and if their sum be the same, as that found by the first ad- 
diitioD, the sum is right. 

EXAMPLES. 



(1) 

23456 


(2) 
22345 


(3) 
34578 


78901 J 
23456 > 
78901 
23456 
78901 


» 67890 

8752 

340 

350 

78 


3750 

87 

328 

17 

327 


307071 Sum,. 


99755 Sum. 


39087 Sum- 


283615 


77410 


4509 


307071 Proof. 


99755 Proof. 


39087 Proof. 



more numbers being taken, and the excess of nines also in the 
sum of tl^ese excesses, it is plaui, the last excess must be equal 
to the excess of nines, contained in the sum of all the numbers ; 
the parts being equal to the whole. 

This rule was first given by Dr. Wallis in his Arithmetic, 
published A. D. 1657^ and is a very simple, easy method; 
though it is liable to this inconvenience, that a wrong operation 
may sometimes appear to be right. For if we change the plac* 
es. of any two figures in the sum^ it will still be the same. A 
true sum will however always appear to be true by this proof; 
and to make a fajse oae appear true, there must be at least two 
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SIMBLB SUBTRACTIOI^, ^ 

^ Add 8635, 2194, 7421, 5063^ 2196, and 1245 togetherl 

Answer 26754^ 

5. Add 246034, 298765, 47321, 58653, 64218, 5376, 9821^ 

knd 340 together. Ans» 730528* 

6. Add 562163, 21964, 56321, 18536,4340,279, and 8$ 
together. Ans. 663686* 

7. How ihany days are there ih the twc^lVe calendar 
months t Ads. 365^9 

3. How many days ^e there from the 19th day of April, 
1774, to the 27th day of November, 1775, both days exdu- 
sive? Ans. 586* 

Simple subtraction. 

3impk Subtraction teaches to take a less number from a 
greater of the same denomination, and thereby shows the 
difference or remainder. The lesstiumber, or that wluch is 
to be subtracted, is called the Subtrahend ; the other^ the mu 
nuend ; and the number, that is found by the operation, the 
remainder or difference* 

Ik Place the less number under the greater, so that units 
may stand under units^ tens under tens, &c. and draw a line 
Under them. 



errors, and these opposite to each pther. And if there be more 
than two errors, they must balance among Ihemselves ; but the 
chance agtdnst this pardcular circumstance is^o great, that we 
may pretty safely trust to this proof. ' 

* Demok. 1. When all the figures of the less number are 
less thap their correspondent figures in the greater, the differ* 
ences of the figures in the several like places must) taken to- 
gether, make the true difference sought ; because, as the sum 

3 - 



I* 



SJ»^LE SVSTgACTION. 



^ 9» Begu^p^^ at tb/e nght^ take ^ch figure in. the subtra- 
Ijend fro;n tbs figure over it, and set the remainder under 

3^ I( tbf; lower figure be greater than that over it, addten 
to the upp^r figi^re i from which figure, so increased, take 
the Ioniser,,, aji^d write the remainder, carrying one to thenei^t 
fig^r^ in th^ lo.weif line, with which proceed as before ; and 
99,on t^I} the whole is finished. 

Method of Pporf. 

Add the remainder to the less number, and if the sum be 
equal to the greater, the work is right* 



^ (1> 
From 3287625 

Tj'ake 2343756 



£XAMFLE£k 
(2) 
From 53274^7 
Take 1008438 



(3), ^ 
From 1234567 

Take 345678 



Rem. '9^3869 RemaSn^ 4319029 Remain. 888889 



T— ^ 



Rroof 3287625 Prpof 5327467 Proof 1234567 



of the parts is equal to the whole, so must the sum of the difie- 

'rences of alt the similar parts be equal to the difference of the . 

wholes^ or given numbers^ 

2. When any figure of the greater number i^Jes^ tban.ittf 

correspondent figure in the less, the ten, which is added by the 
rule, is the value of an unit in the next higher place, by the na- 
ture of notation ; and the one, that i^ added to the next pl^ce 
of the less number, is to diminish the correspondent place of the 
greater accordingly ; and' therefore the operation in this case is ' 
only taking from one place and adding as much to another, 
whereby the number is never changed. And by this method 
the greater number is resolved into such parts, as are each 
greater than, or equal to th]& similar parts of the tess ; and tbe 



SIMPLE MULTIPLICATION. M 

4. Erom 2637804 take 2376982. Alls. 260822. 

5. From 3762162 take 826541. Ans. 2935621. 

6. From 7821^606 teike 27821E90. An&« 50391716. 

7. The Arabian method of notation was £ii^t kfiown in 
England about the year 1150; how long was it thenqe to 
Uie year 1776? An^. 626 years. 

8. Sir Isaac Newton was bom in the year 1642, abd aled 
in 1 727 1 how old was he at the time of his decease i 

Ans. 85 yearl. 



SIMPLE MULTIPLICATION. 

Simple Multiplication is a con^pendious method of addi- 
tion, and teaches to find the amount of any given number of 
one denomination, by repeating it any proposed number of 
times. 

The number, to be multiplied, b called the multiplicandL 
The number, to multiply, is called the multiplier* 

The number, found from the operation, is called the pro^ 
ihtct. 

Both the multiplier and multiplicand are, in general, call- . 

ed tetm^ ot factors. 



*» 



difference of the corresponding figures, taken together, will ev* 
idently make up the difference of the given numbers. Q. £• D. 
The truth of the method of proof is evident; for the differ* 
•ace of two numbers^ added to the less> is manifestly equd to 
the greater. 
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Multiplication and Division Table* ^ . 


1 


2 3 1 4| 5 1 6 r 


« 


1 9 1 10| 11 1 12 


2 


4 6 


8 10 I 12 1 14 


16 


18 1 20 1 22 1 24 


3 6 


9 


12 15 1 18 21 1 24 


27 30 1 33 1 36 


4 


8 


12 16 1 20 24, 


28 1 32 1 36 1 40 44 | 48 


5 


10 


15 20 1 25 30 


35 1 40 1 45 I 50 55 | 60 


6 12 


18 


24 1 30 1 36 


42 1 48 


54 I 60 1 66 1 7z\ 


7 14 


21 


28 1 35 


42 


49 


56 


63 


70 77 1 84 


8 16 


24 


^2 1 40 


48 


56 


64 72 


80 88 I 96 


9 18f27 


36 ( 45 1 54 


63 1 72 81 1 90 1 99 1 108 


10 


20 


•30 40 


' 50 j 60 


70 1 86 90 1 100 ( 110 I 120 


11 


22 


33 


44 


55 


66 77 


88 99 110 I 121 1 132 


1^ 


24 


36^ 


48 1 60 


72 84 


96 108 180 1 132 I 144 



Use of the table in Multiplication* 

Find the multiplier in the first column on the left, and the 
multiplicand in the first line ; and the product is in the com- 
mon angle of meeting^, or against the multiplier, and imder 
the multiplicand* 

Use of the table in Division* 

Find the divisor in the first column on the left, and the 
dividend in the same line ; then the quotient will be, over the 
dividend, the first number of the column, 

EULE,* 

'I. Place the multiplier under the multiplicand, so that 
imits may stand imder units, tens under tens, &c. and dravr 
a line under them. 



^ Demon. }. When the multiplier is a single digit, it is 
plain, that we find the product ; for by multiplying every figure, 
that is,^very part of the muldplicand, we muldply the wHble) 
9nd writing down the products, that are less than ten, and th§ 
(P^cf^sses above tena respecdvely in the places of the ^gures 



\ 



SIMPLE MULTIPLICATION. ^ 

3. Begin at the right, and multiply the whole multiplicand 
severally Isy each figure in the multiplier, setting the first 
figure of every line produced directly under the figure you 
^e multiplying by, and carrying for the tens, as in addition* 

3* Add aU the lines together, and their sum is the product. 

multiplied) and carrying the number of tens in each product to 
the product of the next place is only gathering together the 
similar parts of the respecdve products, and is therefore the 
something, in efTect, as writing the multiplicand under itself ao 
often as the muUiplier expresses, and adding the several repe* 
tidons together ; for the sum of each column is the^product of 
the figures in the place of that column ; and these products, 
collected ^ogether^ are evidently equal to the whole required 
product. 

2. If the multiplier consists of more than one digit ^ having 
then found the product of the multiplicand by the first figure of 
the multiplier, as above, we suppose the multiplier divided into 
parts, and find, after the same manner, the product of the muld- 
plicand by the second figure of the multiplier ; but as the fig;* 
ure wcv are muldplying by stands in the place of tens ; the pro* 
duct must be ten dmes its simple value ; and therefore the first 
figure of this product must be placed in the place of tens ; or, 
which is the same thiilg, directly under the figure we are mul- 
tiplying by. And. proceeding in this manner separately with all 
the figures of the multiplier, it is evident,' that we shall muldply 
all the parts of the multiplicand by all the parts of the muldpli- 
ej* ; or the whole of the muldplicand by the whole of the muld- 
plier ; therefore the sum of these several products will be equal, 
to the whole required product. Q. £. D. 

The reason of the method of proof depends on thi^ proposi- 
tion, namely, ^^ that two numbers being muldplied together, ei^ 
ther of them may be made the muldplier, or the niultiplicand^ 
find the product will be the same." A small attention to the 
Qilture of the numbers will make this truth evident ; for 3x7"bi 
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Method of Proof. ^ 

Makc^the former multiplicand the muldplier, and the mul- 
tiplier the multiplicand, and proceed as before ; and if the 
product be equal to the former, the product is righu 



31s:7X3s and) in general, 3x4X5x6, Scc.»4x3x6X5, &c. 
without any regard to the order of the terms ; and this is true 
of any number of factors whatever. 

The following examples are subjoined to make the reason of 
the rule appear as^plain as possible. 



(0 

37565 




(2) 
137543S 




. 5 


5X5 


4567 


plicand.3 
7 times the mul& 


25 « 


9628045 a- 


30 ai 


60X5 


8252610 a 


60 times do. 


35 a 


500X5 


6877175 « 


500 times do. 


35 a 


rooox5 


5501740 ss 


4000 times do. 


15 a 


30000X5 






5381611645 as 


4567 times do. 



187895 a 37565X5- 



Beside the preceding method of proof, there is another very 
convenient and easy one by the help of that peculiar property 
of the number 9; mentioned in addition ; which is performed 
thus. 

RULB i . Cast the nines out of Che two &ctors, as in add-on} 
and write the remsdnder. 

3. Multiply the two remainders together, and, if the excess 
of nines in their product be equal to the excess of nines In th« 
total product, the answer is right. 



\ 



$^MP(JC MULTWUCATIOKT. 9S < 

EXAMPLES. 

0) (2) 

Multiply 23456787454 Multiply 3274565447iB 

by 7 by 2*34 

II II ■ ■ I ' ii I I ■ i f 

164197512178 Prodac& 130982617802 

-..^~— — — — 98®36«6d41« 

65491308946 



Product 766248314668^ 



EXAMPLE. 



4315 Sssexcess of 9s in the multiplicand. 
878 5 ssditto in the^ muldl^efr. 



n<« * 



33720 
S9505 
33730 



3700770 6asditto in t|ie productssexcess of 9s in 3X5.- 



Demonstration of the Rule. Let ilfand A*be the num* 
ber of 9s iathe factors to be multiplied, and a and 6 what re- 
mains; then Af +o and J>r+b w ill be th e numb ers themselres, 
and their product is Af x J^+ Mxd-i-JVya+axb i but the 
first three of th^e^rodnctaace each a precise number of 9s9be« 
cause one of their factors is so ; therefore, these being cast a- 
Way, there remains only aXb ; and if the 9s be also cast out of 
thia, the excess is the excess of the 9s in the totial product ; but 
m. and 6 are the excesses in the fiftcto^a themsfl^lvesv^ind'aX^ibeii' 
product $ therefore the rule is true. Q. £. D. 

This method is liable to the same inconvenience with that in 
addition. 

. Multiplication may also very naturally be proved by division ; 
tbr the product being divided by eithev of the fkctors^ the quo« 
tient will evidently be the other ; but it would have been.coirtra- 
ry to good method to give this rule in the text, because th^:Ba^ 
pil is supposed as yet to be unacquainted with division* 



U Simple multiplication. 

^ 8. Multiply 32745675474 by 2. Ans, 65491 35Q94A 

4. Multiply 84356745674 by 5< , Ans. 421783728370. 

5. Multiply 3274656461 by 12. Ans. 39295877532. 

6. Multiply 273580961 by 23. Ans. 6292362103^ 
f. Multiply 8?164973 by 3027. Ans. 248713373271. 
8. Multiply 8496427 by 874359* Ans. 742892741 5293^ 

CONTRACTIONS. 

L Jt^hen there are cyphers on the right of one or both the 
, factors* 

rulSs. 
Proceed as before, neglecting the cyphers, and on thd 
right of the product place as many cyphers as are in both the 
iactors. 

1. Multiply 1234500 by 7500. 

12345 

'IS 



61725 
86415 



9258750000 the Product- 



2. Multiply 461^00 by 72000. Ans. S32064O000a 

3. Multiply 81 5036000 by 70300. Ans. 5729703080000a 

II. When the multiplier is theproduct oj two or more numbers 

in the table* 

RULE.* I 

Multiply continually by those numbers or parts, instead 
•f the whole number at once. 

* The reason of this method is obvious^ for any uunibery 
multiplied by the component parts of another numbefi must 



SIMPLE DIVISION. ^ 



EXAMPLESi 

!. Multiply 123456/89 by 25. 

123456789 
5 



617283945 
5 



3086419725 the product. 

2. Multiply 3641 11 by 56. Ans. 20390216^ 

3. Multiply 7U8368 by 96. Ans. 684323328. 

4. Multiply 123456789 by 1440. Ans. 177777776160. 

SIMPLE DIVISION. 

4 

Simple Division teaches to find how often one number id 
contained in another of the same denomination, and thereby 
performs the work of many subtractions. 

The number, to be divided, is called the dividend* 

The number, to divide, is called the divisor. 

The number of times, the dividend contains the divisor, 13 
called the quotient. 

If the dividend contain the divisor any number of times 
and an excess, that excess is called the remainder. 

RULE.* 

1. On the right and left of the dividend, draw a curved 
line, and write the divisor on the left, and the quotient, as it 

rises, on the right. 

' III I I I I 

give the same product, as if it were multiplied by that number 
at once ; thus, in example the second, 7 dmes the product of 8, 
multiplied into the given number, makes 56 times that given 
number, as plainly as 7 times 8 makes 56. 

* According to the rule, we resolve the dividend into parts, 
and find by trial the number of times the divisor is contained in 
e^ch of those parts ; the only thing then, which remains to be 



U SIMPLE mVISION. 

2. Find how many times the divisor maybe had in so ma- 
ny figures of die dividend, as are just necessary, and write 
the number in the quotient. 

3« Multiply the divisor by the quotient figure, and set the 
product under the part of the dividend used. 

4. Subtract the last found product from that part of the 
dividend, under which it stands, and on the right of the re- 
mainder bring down the next figure of the dividend ; which 
number divide as before ; and proceed 'in this manner till 
the whole is finished- 

proved, is, that the several figures of the quodent, taken as one 
number, according to the order, in which they are placed, is the 
true quotient of the whole dividend by the divisor, which may be 
thus demonstrated. 

Demok. The complete value of the first part of the dividend 
is, by the nature of notation, 10, 100, or 1000, &c. times the 
value of which it is taken in the operation^ according as there are 
1, 2, or 3, &c. figures standing on the right of it ; and conse- 
qiient(y the true value of the quotient figure, belonging to that 
part of the dividend, is also 10, 100, or 1000, Sec. times its simple; 
value. But the true value of the quodent figure, belonging to 
that part of the dividend, found by the rule, is also 10, 100, or 
1000, Sec. dmes its simple value ; for the number of figures on 
the right of it is equal to the number of remaining figures in the^ 
dividend. Therefore this first quotient figure, taken in its com- 
plete value at the place it stands in, is the true quotient of the 
divisor in the complete value of the first part of the dividend. 
For the same reason, all the rest of the figures of the quotient, 
taken according to their places, are each the true quotient of 
the divisor, ito the complete value of the several parts of the di- 
vidend, belonging to each ; because, as the first figure on the 
right of each succeeding part of the dividend has a less number 
of figures, by one standing pn the right of it, so ought their quo- 
tients to have ; and so they are actually ordered ; consequendy^ 



SIMPLE Division. t7 

Method of Proof. 

Multiply the quotient by the divisor, and thia product, ad- 
ded to the remainder, wiU be equs^ to the dividend, when the 
work is rights 



^gfmmmm^mmmm^mmmmm^mm»m^t^mmmm^^ 



all the quotient figures being taken i^ order as they are placed 
by the rule, they make one number, which is equal to the sum 
jof the true quotients of all the several parts of the dividend ; 
and therefore is the true quotient of the whole dividend by the 
divisor. Q. £. D. 

To leave no obscurity in this demonstradoD> I shall illustrate 
it by an example. 

BXAMPLE. 

Divisor 36)85609 Dividend. 

1st part of the dividend 85000 

36 X 2000 = 72000 -- 2000 the 1st quotient. 

1st remainder - 13000 

add 600 



3d part of the dividend 1 3600 

36 X 300 s= 10800 - - 800 the 3d quotient, 

3d remtonder • 3800 

add 00 



^dpart of the dividend 3800 

36 X 70 = 3520 - - 70 the 3d quotient, 

r I I ■ 

3d remainder - 380 

add 9 



4th part of the dividend 389 

36 X 8 ss 388 - f 8 the 4th quotient. 



Last remainder ^ 1 8378 sumoftheqiidtiefrts, 

■ ■ ' ' or the answer. 
ExPLAXATiov. It is evident, that the dindeod k resolved in* 
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EXAMPLES. 



(0 (2) 

5)13545/28(2/091454' ' 365)123456789(83823^ 

10 . 1095 



35 1395 

35 * 1095 



45 3006 

r 

45 2920 



"I* 



7 867 

5 7S0 



22 1378 

20 1095 



28 2839 

25 2555 



3 284 



to these parts, 85000+600+00+9 ; for the first part of the di^ 
yidend is considered only as 85, but yet it is truly 85000 ; and 
therefore its quotient) instead of 2, is 2000, and the remainder 
13000 ; and so of the rest, as may be seen in the operation. 
When there i^ no rems^inder after the operation of dividing is 

I 

finished, the quotient is the absolute and perfect answer to the 
question ; but where there is a remsdnder, it may be observedi 
that it gives a part of another unit for the quotient, which is 
greater as it approaches nearer to the divi^qr. Thus, if the re« 
mainder l^ a fourth part of the divisor, the part is one fourth^ 
or one fourth of the divisor is contained in the dividend beside 
the quotient already found ; if half the divisor, the part is ouq 
half, or one half of the divisor is, in addition to the quotient al- 
ready fpund> contained ip the dividend ; and so on. Ip ordev 



SIMPLE DIVISIOIT. ^ 

3. Divide 3756789275474 by 2. Ans, 1878394637737. 

4. Divide 12345678900 by 7. Ans. 1763668414|. 

5. Divide 9876543210 by 8. Ans. 1234567901 1. 

6. Divide 1357975313 by 9. Ans. 150886145|. 

7. Divide 3217684329765 by 17. Ans. 189275548809|f. 



therefore to complete the quotient, put the last remainder at the 
end of it, above a small line, and the divisor under it. 

It is sometimes difficult to find how often the divisor is con- 
tained in the numbers of the several steps of the operation ; the 
hest way will be to find how often the first figure of the divisor 
is contained in the first, or two first, figures of the dividend, and 
the answer, made less by one or two, is generally the figure 
wanted. Beside, if after subtracting the product of the divisor 
and quotient from the dividend, the remainder de equal to, or 
exceed the divisor, the quotient figure must be encreased ac- 
qordingly. 

If, when you have brought down a figure on the right of the 
remainder, it be still less than the divisor, a cypher must be put 
in the quotient, and another figure brought down, and then pro- 
ceed as before. 

The reason of the method of proof is plain ; for since the 
quotient is the number of times the dividend contains the divi- 
sor, the product of the quotient and divisor must evidently be 
«qual to the dividend. 

There are several other methods, used to prove division ; the 
best and most useful are the following. 

Rule I. Subtract the remainder from the dividend, and divide 
4his remainder by the quotient, and the quotient, found by this 
division, will be equal to the former divisor, when the work i3 
right. 

The reason of this rule is plaip from what has been observi^i) 
^ove. 



Si SIMPLE DIVISION. 

8. Divide 3211473 by 27. Aus. 118943|^, 

9. Divide 1406373 by 108. Ans. 13021l5|. 

10. Divide 293839455936 by 8405. Ans. 34960078^^ 

11. Divide 4637064283 by 57606. Ans. 8049e|i|^. 



Mr. Malcolm, in his Aritbmetic^ has fallen into an error 
concerning this method of proof, by making use of particular 
numbers, instead of a general demonstration. He says, the di*. 
▼idend being divided by the integral quotient, the quotient of 
this division will be equal to the former divisor, with the same 
remainder. This is true in some particular cases ; but it will 
nat hold, when the remsdnder is greater than the quotient, as 
may be easily demonstrated ; but one instance will be sufficient ; 
thus 17, divided by 6,priyesthe integral quotient 2, and remain* 
der 5 ; but 17, divided by 2, gives die integral quotien 8, and 
remainder 1 . This shows how cautious we ought to be in de* 
ducing general rules from particular examples. 

RuLB II. Add together the remainder, and all the prodticts 
«f the several quotient figures by the divisor, according to the 
«rder, in which they stand in the work , and the sum will be' 
equal to the dividend, when the work is right. 

The reasoti of this rule is extremely obvious ; for the num* 
bers, that are to be added, are the products of tlie divisor by each 
figure of the quotient separately, and each possesses, by its 
place, its complete value ; therefore the sum bf the parts, to- 
gether with the remainder, must be equal to the whole. 

Rule III. Subtract the remainder from the dividend, and 
what remains will be equal to the product of the divisor and 
quotient ; which may be proved by casting out the nines, as was 
done in multiplication. ' 

This rule has been already demonstrated in multiplication. 

To avoid obscurity I shall give an example, proved accord" 
mg to all the different methods. 



SIMPLE DIVISION. M 

CONTRACTIONS. 
I. To divide by any number with cyphers annexed* 

RULE.* 

Cut off the cyphers from the divisor, and the same num- 
Ber of digits from the right of the dividend ; then divide. 



EXAMPLE. 
J7)133456789(1419043 133456789 

87* 87 48 



364 99o3301 1419643)12.^456741(87 Proof by DtT. 

348* 11352344 11352344 



48 



165 9933301 

. 87* 123456789 Proof by Mult.9933301 






.786 
. 783* 

... 378 Proof by casting out the runts, 

• . . 348* 4 is the excess of 9s in the quotient. 

■ 6 ditto - - • - in the divisor. 

.... 309 6 ditto - - - - in 4x6, which 

. . . .261* isalsotlie excess of 9s in (123456741) 

■ the dividend made less by the remainder. 



48» 



123456789 Proof by Addition. 



For illustration, we need only refer to the example ; except 
fer the proof by Addition ; where it may be remarked, that the 
asterisms show the numbers to be added, and the dotted lines 
iheir order. 

♦ The reason of this contraction is easily perceived ; for cut- 
ting off the same figures from each is the same as dividing each 
•f them by 10, 100, 1000, Sec. and it is evident, that as often as 



3i SIMPLE DIVISION. 

making use of the remaining figures, as usual, and the que^ 
tient is the answer 5 and what remains, written before th# 
iigures cut off, is the true remainder. 

EXAMPLES. ' 

1. Divide 31086901/ by 7100. 

71 ,00)3 108690,1 7(4378411^ the guotient. 

284 

268 
213 

556 

497 

599 
568 

310 
284 



2617 

2. Divide 7380964 by 23000. Ans. 320|||4^ 

3. Divide 29628754963 by 35000. Ans. 846535|fJJ§- 

II. When the divisor is the product oj two or more numbers 

in the table. 

RULE.* 

Divide continually by those numbers, instead of the whole 
divisor at once. 

the whole divisor is contained in the whole dividend, so often 
must any part of the divisor be contained in a like part of the 
dividend. This method is only avoiding a needless repedtion 
of cyphers, which would happen in the common way, as may 
be seen by working an example at large. 

* This follows from the second contVacdon in muItiplicatioDr 



SIMPLE DIVISlOlif. 3» 

EXAMPLES. 

1* Divide 31046835 by d6=rx8. 
7)31046835(4435262 8)4435262(554407 the quotient. 

28 40 



30 43 

28 40 

24 35 

21 32 

36 32 

35 32 

18 62 

14 56 



43 
42 



15 
14 



of which it is only the conyerse ; for the third part of the half 

of any thing is evidently the same as the' sixth part of the whole ; 

and so of any other parts. I have omitted saying any thing in 

the rule about the method of finding the true remainder ; for 

as the learner is supposed, at present, to be unacquainted with 

the nature of fractions, it would be improper to introduce them 

in this part of the work, especially as the integral quotients is 

sufficient to answer most of the purposes of practical division. 

However, as the quotient is complete without this remainder, 

and in some computations it is necessary it should be known, I 

shall here sho$7 the manner of finding it, without any assistance 

from fractions^, 

5 



^F 



\ , 

3.4. SIMPLE DIVISION. 

2. Divide 7014596 by 72=8X9. 

8)7014596 

9)876824 4 

97424 8 the quotient. 

3. Divide -51 30652 by 132, . Ans, 38868^| 

4. Divide 83016372 by 240. Ans. 345902^«^. 

' ■ T "' . 1 I III ... I M I I... I III III. . 

RULE. Multiply the quotient by the divisor, and subtract the 
product from the dividend, and the result will be the true re-^ 
xnainder. 

The truth of this is extremely obvious ; for if the product of 
the divisor and quotient, added to the. remainder, be equal to 
the dividend, their product, taken from the'dividend,mustleav^ 
the remainder. 

The rule, which is most commonly used, is this. 

Rule. Multiply the last remainder by the preceding divisor, 
or last but one, and to the product add the preceding remain- 
der ; multiply this sum by the next preceding divisor, and to- 
the product add the next proceding remainder ; and so on till, 
yoa have used all the divisors and remainders. 

EXAMPLE. 

9)64865 divided by 144 1 the last remainder. 

Mult. 4 the preceding divisor. 



4)7207 2' 



4 



4)1801 3 Add 3 the second remainder. 



■.. 



450 1- 7 

Mult. 9 the first divisor.. 

'63 
Add 2 the first remainder. 



Ans. 450fM:.. 65 

To explain this rule from the- example^ we majLebserve that 
every unit of the first quotient may be lopked ^^k^^ ^^ contain- 
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SIMPLE DIVISION. 35 

I 

XII, Vo perform division more concisely than by the general 

rule* 

RULE.* 

Multiply the divisor by the quotient figures as before, and 
subtract «ach figure of the product when you produce it^ al- 
ways remembering to carry so many to the next figure as 
were borrowed before. 

EXAMPLES, 

1. Divide 3104675846 by 833. 

.833)3104675846(37J»n01fi4 the quotient, 
6056 
2257 
5915 ^ 

848 
1546 
713 

2. Divide 29137062 by 5317. Ans. 5479|ff|. 

3. Divide 62015735 by 7803. Ans. 7947^^. 

ing 9 of the units in the given dividend ; consequently, every 
unit of it, that remains, will contain the same ; therefore this re- 
mainder must be multiplied by 9, in ord^r to find the units of 
the given dividend^ which it Contains. Again, every unit in the 
next quotient will contain 4 units of the preceding, or 36 of the 
given dividend, that is, 9 times 4 ; therefore what remains must 
be muldplied by 36 ; or, which is the same thing, by 9 and 4 
continually. Now this is the same as the rule ; for instead of 
finding the remainders separately, they are reduced from the 
bottom upward, step by step, to the first, and the remaining units 
of the same class taken as they occur. / 

* The reason of this rule is the same as that of the general 
rule. 



S^ ' REDUCTION. 

4. Dividle 432r5628456357'4 by 8/3469. 

Ans. 495445498|m^; 



REDUCTION. 

Seduction is the method of bringing numbers from one 
name or denomination to ai^other without changing the val- 
ue. 

In order to perform reduction, it is necessary to be ac- 
quainted with the relative value of the different denomiua? 
tions of coin^ weight, and measure, that are us«4 i ^^V which 
purpose see the following 

TABLES OF COZY, WEiqpT^ AXD MEASURE, 

MONEY. 



4 farthings make 1 penny. 
12 pence 1 ishiUing. 

20 shillings 1 pound. 



£ denottes pounds. 
/or s shillingSi 

d pence. 



TROY WEIGHT. 

^4 grains make 1 penny-weight, marked grs. dwt, 
20 dwt. 1 ounce, oz. 

12 oz. 1 pound, lb. 

By this weight are weighed jewels, gold, silver, corn, 
bread, and liqours. 

APOTHECARIES^ WEIGHT. 

20 grains make 1 scruple, marked gr. sc. or ^ 
3 sc. or ^ ' 1 dram dr. or 5. 

8 dr. 1 ounce oz. or g* 

12 oz. , 1 pound ib. 

Apothecaries use this weight in compounding their medr 
icines ; but they buy and sell their drugs by Avoirdupois 



¥ 



REDUCTION. 



5r 



height. Apothecaries' is the same as Troy weight, having 
pnly some different divisions. 

AVOIKDUPOIS WEIGHT. 

16 drams make 1 ounce, marked dr. oz. 

1 pound lb. 

1 quarter qr. 

1 hundred weight cwt. 
1 ton T. 

By this weight are iveighed all things of a coarse or dros- 
sy natjure ; such as butter, cheese, flesh, grocery wares, and 
jail metals, except gold and silver.^ 



16 ounces 
28 lb. I 
4 quarters 
20 cwt. 



lb. 
* A firkin of butter is . 56- 

A. firkin oftoap 64 

A barrel of pot-ashes . . . 300 
A barrel of anchovies .... 30 
A barrel of candles • . • • • 120 

A barrel of soap 256 

A barrel of butter 224 

A fother of lead is 19i^ cwt. 
A stone of iron 14 

A stones of butcher's meat . 8 

561b. old hay> , • ^ 

, ^ >• make a truss. 

60lb. new hay > 

36 trusses a load. 

4 pecks coal make 1 bushel, 
* 9 bushels .... 1 vat or strike. 

36 bushels ...... 1 chaldron. 

S 1 chaldrons 1 score. 

71b. wool make 1 clove. 

2 cloves • • • .^ 1 stone. 

2 stones ...... 1 tod. 

6|tods 1 wey^ 

2 weys 1 sack. 

12 s^cks 1 last. 



lb. 

A gallon of train oil 7^ 

A faggot of steel 120 

A stone of glass ..%.... . 5 
A seam of glass is 24 stone, 

or , 120, 

lb. oz. dr. 
A peck loaf of bread 

weighs 17 6 1 

A half peck 8 11 

A quartern ... ^ ... 4 5 8 

lb. 
A barrel of pork is . . • . 220. 

A barrel of beef is .... 220. 
A quintal offish . ^ . . • . 112. 

30 things make 1 score. 

12 1 dozen. 

12 dozeo • . • ^ .... 1 gross. 
144 dozed • . 1 greater gross. 

Farther y'-^ST 60 grainssl lb. 
Troy; 7000 grains»l lb. A- 
voirdupois ; therefore the 
weight of the pound Troy is to 
that of the pound Avoirdupois^i 

as 5760 to 7000, or as 144 to 
175.. 
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DRY MEASURE. 



Marked 
2 pints make 1 quart pts. qts. 



2 quarts 


1 pottle 


pot. 


2 pottles 


1 gallon 


gaL 


2 gallons 


1 peck 


pe- 


4 pecks 


1 bushel 


bu. 


2 bushels 


1 strike 


str. 


Note— 


-The diamel 


ter of 



Marked 
8 bushels 1 quarter qr. 
5 quarters 1 wey or load wey. 

4 bushels 1 coomb co. 

5 pecks 1 bushel water meas. 
10 coombs 1 wey 
2 weys 1 last L. 

-The diameter of a Winchester bushel is I8j in- 
' ches, and its depth 8 inches. — And one gallon by dry meas- 
ure contains 268| cubic inches. 

By this measure, salt, lead, ore, oysters, com, and other 
dry goods are measured. 

ALE AND BEER MEASURE. ^ 
Marked 



2 pints make 1 quart pts. qts* 
4 quarts l^gallon gal. 

8 gallons 1 firkin of Ale fir, 

9 gallons 1 firkin of Beer fir. 



* Marked 
2 firkins 1 kilderkin kil. 

2 kilderkins 1 barrel bar. 

3 kilderkins 1 hogshead hhd. 
3 barrels 1 butt butt. 



Note. — ^The ale gallon contains 282 cubic inches. la 
London- the ale firkin contains 8 gallons, and the beer firki^ 
9 > other measures being in the same proportion. 

WINE MEASURE, 



Marked 
2 pints make 1 quart pts. qts. 
4 quarts 1 gallon gal. 
42 gallons 1 tierce ' tier. 
63 gallons 1 hogshead hhd. 
84 gallons 1 puncheon pun. 



Marked 
2 hogshead 1 pipe or 

butt p. or b. 

2 pipes 1 tun T. 

18 gallons 1 runlet ^ rund. 

31^ gallons 1 barrel , bar. 



By this measure, brandy, spirits, perry, cyder, mead, vin* 
egar, and oil are measured. 

^ Note. — ^231 cubic inches make a gallon, ai^d 10 galloiis 
make an anchor. 



REDUCTION. 
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CLOTH MEASURE. 



Marked 
2| inches make 1 nail nls^ 

4 nails 
4 quarters 



1 quarCeyirs, 
1 jrard ydsi 



Marked 
3 qrs. 1 ell Flemish Ell FL 

5 qrs. 1 ell English £11 Eng. 

6 qrs. 1 ell French Ell Fr. 



LONG MEASURE. 



Marked 
S barley corns make 1 



inch 
12 inches 
3 feet 
6 feet 
5}. yards 
40 poles 
8 furlongs 
3 miles 



bar« c. in. 
1 foot ft. 

1 yard yd. 
1 fathom fath. 
1 pole pol. 
1 furlong fur. 
1 mile mlsr 
1 league 1. 



Marked 

60 geographical miles, or 
69 J stature miles 1 de- 
gree deg. or ^ 
360 degrees the circumfer- 
ence of the earth. 
Note* 4 inches make 1 hand^ 

5 feet 1 geometrical pace* 

6 points 1 line 
12 lines 1 inch. 



TIME. 



Marked 
60 seconds make 1 min- 
ute s. or " m or ' 
60 minutes 1 hour h. or^ 
24 hours . 1 day d. 
7 days 1 week w. 



Marked. 
4 weeks 1 month m. 

13 months, 1 day, and 6 

hours, or 
365 days and 6 hours, 1 
Julian year Y. 



Note 1. The second may be su|^K>sd to be divided into 
60 thirds, and these again into 60 fourths, &c. 

Note 2. April, June, September, and November, have 
each 30 days ; each of the other months has 31, except Feb- 
xu&ry, which has 28 in common years, and 29 in leap years'. 
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CIRCULAR MOTION. 

60 seconds make 1 minute, marked " ' 

60 minutes 1 degree ^ 

SO degrees ^ 1 sigp s 

12 signs, or 360° 1 circle. 



NEW FRENCH WEIGHTS AND MEASURES. 

Th£ Weights and measures in common use are liable to 
great uncertainty and inconvenience. There being no fixed 
standard at hand, by which their accuracy csUi be tested, £1 
great variety of measures, bearing the same name, has ob- 
tained in different countries. The foot, for instance, is used 
to staftd for about thirty different established lengths in tha 
different countries of Europe. The several denominations 
also of weights and measures are arbitrary, and occasion 
most of the trouble and perplexity, that learners meet with 
in mercantile arithmetic. 

To remedy these evils, the French government in 1801 
adopted a new system of Weights and measures, the several 
denominations of which proceed in a decimal ratio, and all re- 
ferable to' a common permanent standard, established by na- 
ture, and accessible at all places on the earth. This standard is 
a meridian of the earth, which it was found convenient to di- 
vide into 40 million parts. One of these parts is assumed 
as the unity of length, and the basis of the whole system. 
This they called zmetre^ and is equal to about 39^ English 
inches, of which submultiples and multiples being taken, 
the various denominations of length at* e formed. 

Eng. Inch. Dec. 
A millimetre u the 1000th part of a metre -03937 

A centimetre the].! 00th part of a metre -39371 

A decimetre the 10th part of a metre 3*93710 
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h When the reduction is from a greater name to a ksst 

RULE.* 

Multiply the highest name or denomination by as many 
as one makes of the next less, kdding to the product the parts 
of the second name ; then multiply this sum by as many as 



* The reason of this rtile is exceedingly obvious ; for poundi 
are brought into shillings by multiplying them by 20 ; shillings 
into pence by multiplying them by 12 ; and pence into farth- 
ings by multiplying them by 4 ; and the contrary by division } 
and this will be true in the reduction of numbers, containing 
any denominations whatever. 

A METRE 39-37100 

A decametre 10 metres 39.V71000 

A Hectometre 100 metres 393710000 

A Kilometre 1000 metres 39371*00000 

A myriometre 10000 metres 393710*00000 
A grade or degree of the meridian equal to 

100000 metres, or 100th part of the quadrant. 3937100.00000 

Mis. Fur. Yds, Ft In.De. 
The decametre is - - - 10 2 9*7 
The hectometre • - 109 1 i 

The kilometre - • * * 042131 10*3^ 
The myriometre * - * -6^115606 
The grade or decimal degree of the 
meridian - ..- . - 62 1 23 28 



MEASURES OF CAPACITY. 

A cube, whose side is one tenth of a metre, that is, a cubic 
decimetre, constitutes the unity of measures of capacity. It i& 
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REDUCTION. 



one makes of the next less name, adding to the product the 
parts of the third name ; and so on through all the denomi- 
nations to the last. 



called a Utre^ and contains 61*028 cubic inches. 



£ng. Cub. In. Dec. 
. -06103 

- -61028 

- 6-10280 

61-02800 

- 610 28000 

6102-80000 

61028-00000 



A millilitre or 1000th part of a litre 
A centilitre 100th of a litre 

» 

A decilitre 10th of a litre 
A litre^ a cubic decimetre - - - 
A decalitre 10 litres . - - . 
A hccatolitre 100 litres 
A kilalitre 1000 litres « - - 
A miry olitre 1 0000 litres - - • - 610280*00000 
The English pinfj wine measure, contains 28*875 cubic 
inches. The litre therefore is 2 pints and nearly one eighth of 
a pint, — 

Hence 
A decalitre is equal to 2 gal. 64^1^ cubic inches. 
A Hectolitre 26 gal. ^^yi cubic inches* 
A kilolitre 264 gal. ^^ cubic inches^ 

WEIGHTS. 

The unity of .weight is a gramme. It is precisely the weight 
of a quantity of pure water, equal to a cubic centimetre, which 
is lOOthof a metre, and is equal to 15-444 grains troy. 

Gr. Dec. 

A milligramme is TrOOth part of a gramme 

A centigramme 100th of a gramme 

A decigramme 10th of a gramme 

A gramme^ a cubic centimetre 

A decagramme 10 grammes * 

A hecXogramme 100 grammes 

A kilogramme 1000 grammes 

Amyriogramme 1 0000 grammes 



- 0-0154 

0*1544 
1*5444 

- 15*4440 

- 154*4402 

- 15444023 
15444-0234 

154440*3344 
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i s. • ^ 

II. Whenjhe reduction is from a less name to a greater. 

RULE. 

Divide the givqn number by as many as make one of the 
next superior denomination ; and this quotient again by as 

A gramme being equal to 15*444 grains troy. 

A decagramme 6 dwt. 10-44 gr. equal to 5*65 drams avoir^ 

dupois. 

lb. oz. dr. 

Abectogram/ equal to - ^ 3 8*5 avoird. 

A kilogram - - - - - 2 3 5 avoird. 

A myriogram - - - --22 115 avoird* 

100 myriograms make a tun, wanting 32 lb. 8 oz. 

LAND MEASURE. 

The unity is an are^ which is a square decametre, equal to 
3*^5 perches. The deciare is a tenth of the are — the cen- 
tiare is 100th of an are, and equal to a square metre. The mil- 
liare is 1000th of the are. The deciare is equal to 10 ares; 
the hectare to 100 ares, and equal to 3 acres 1 rood 35*4 perch- 
es English. The kilare is equal to 1000 ares, the myriare to 
10000 ares. 

For fire-wood the stere is the unity of measure. , It is equal 
to a cubic metre, containing 35*3171 cubic feet English. The 
decestere isUhe tenth of a stere. 

The quadrant of the circle generally is divided like the 
fourth part of the meridian, into 100 degrees, each degree into 
100 minutes and each minute into 100 seconds. See. so that the 
same number, which expresses a portion of the meridian, indi- 
cates also its length, which is a great convenience in navigation. 
The coin also is comprehended in this system, and made to 
conform to their unity of weight. The weight of the Franc^ 
of which one tenth is alloy, is fixed at five grammes ; its tenth 
part is called decime^ its hundredth part centime. 

The divisions of time soon after the adoption of the above 
' underwent a similar alteration. 
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' many as make one of the next following ; and so on through 
ftU the denominations to the highest ; and this last quotient, 
together with th^ several remainders, will be the answer re- 
quired. 

The method of proof is by reversing the question. 

EXAMPLES. 

1. In 14651. 146< 5d« how many farthings? 
20 4)1407092 



^r 



29314 12)351773 
12 



351773 



2,0)2931,4 5 



4 Proof 14651. 14s. 5d. 



1407092 the answer. 
fi« In 12l. how many farthings? Ans. 11520. 

3* In 6169 pence how many pounds ? 

Ans. 25l. 148. Id. 
4. In 35 guineas how many farthings ? 

Ans. 47840. 

The year was made to consist of I ^ months of 30 days each) 
and the excess of 5 days in common and 6 in leap years was 
considered as belonging to no month. Each month was divid- 
ed into three parts, called decades. The day was divided into 
10 hours, each hour into iOO minutes, and each minute into 100 
seconds. This new calendar was adopted in 1793 ; in 1805 it 
was abolished, and the old calendar restored. I'he weights and 
measures are still in use, and will probably soon prevail through- 
"^ovft the continent of Europe. They are recommended to the 
attention of every civilized country ; and their general adoptipn 
would prove of no small importance to the scientific, as well as 
to the commercial wbrld. 



N 
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^ 5. In 420 quarter guineas how many moidores ? 

Ans. 8t|.. 
6* In 2311. 16s. how many (kicats at 4s. 9d. each? 

Ans; 976. 

7« In 274 marks, each 17s. dd« and 87 nobles, each Ss. 

lid. hbw many pounds ? Ans. 2811. 19s. 3d. 

8. In 1776 quarter guineas how many six pences ? 

Ana. 24864. 

9. Reduce 1776 six and thirties to half-crowns sterling. 

Ans. 25574|, 

10. In 50807 moidores how many peices of coin, each 
4s. 6d. ? . Ans. 406456. 

11. In 213210 grains how many lb. ? 

Ans. 37lb. 3dwt. 18gr. 

12. In 59lb. 13dwts. 5gr. how many grains ? 

Ans.^ 3401 57< 

13. In 8012131 grains how many lb. ? 

Ans. 13901b. lloz. i8dwts. 19grs. 

14. In 35 tons, 17cwt. Iqr. 23lb. 7oz. 13dr. how many 
drams ? Ans. 20571005. 

15. In 37cwt. 2qr. 17lb. how many pounds Troy, a pound 
Avoirdupois being equal to 14oz. lldwt. l^^grs. Troy? 

Ans. 51241b. 5oz. lOdwt. ll|grs. 

16. How many barley corns will reach round the worlds 
supposing it, according to the best calculation, to be 8340 
leagues ? Ans. 4755801600. 

17. In 17 pieces of cloth, each 27 Flemish ^Us, how many 
yards ? Ans. 344yds. Iqr. 

18. How many minutes were there from the birth of 
Christ to the year 1776, allowing the year to consist of 
365d. 5h. 48' 58'' ? Ans* 934085364' 48". 
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COMPOUND ADDITION. 

Compound Addition teaches to collect several numbers of 
different denominations into one sum. 

RULE.* 

1. Place the numbers so, that those of the same denomina- 
tion may stand directly under each other, and draw a line 
under them. 

2. Add the figures in the lowest denomination, and find 
how many ones of the next higher denomination are con- 
tained in their sum. 

3» Write the remainder, and carry the ones to the next 
denomination ; with which proceed, as before ; and so on 
through all the denominations to the highest, whose sum 
must be all written ; and this sum, together with the several 
remainders, is the whole sum required. 

The method of proof is the same as in Simple Addition. 






* The reason of this rule is evident from what has been said 

• 

in Simple AddiUon ; for, in addiUon of money, as 1 in the pence 
is equal to 4 in the farthings ; 1 in the shillings, to 1 2 in the 
pence ; and 1 in the pounds, to 20 in the shillings ; therefore^ 
carrying as directed, is nothing more than providing a method 
of digesting the money, arising from each column, properly in 
the scale of denominations ; and this reasoning will hold good 
in the addition of compound numbers of any description whatf 
ever. 



COMPOUND ADDITION. ♦f 

EXAMPLEIS. 

« 

MONEY. . 

£. s« d. ^. s« d* £^. 8. d. 

17 13 4 84 ir 5| 1/5 10 10 



13 


10 


2 


75 


13 


4i 


107 


13 


HI 


10 


17 


3 


51 


17 


8| 


89 


18 


10 


8 


8 


7 


20 


10 


lOi 


7S 


12 


2J 


3 


3 


4 


ir 


15 


^i 


3 


3 


3| 




8 


8 


10 


10 


11 


1 




1 


54 


1 


4 


261 


5 


8i 


452 


19 


2i 


36 


8 





176 


8 


2| 


277 


8 


H 


54 


1 


4 


261 


5 


8i 


452 


19 


2i 

1 



TROY WEIGHT. 

lb. oz. dwt. gr. lb. oz. dwt« gr. lb. oz« dwt. gf. 

17 3 15 11 14 10 13 20 27 10 17 18 

13 '2 13 13 13 10 18 21 17 10 13 13 

15 3 14 14 14 10 10 10 13 11 13 1 

13 10 10 1 2 3 10 1 2 

12 1 17 14 4 4 4 4 3 3 

13 14 1 19 2 1 



itei 



4» COMPOUND SUBTRACTION. 

AVOIRDUPOIS WEIGHT, 

cwt qr. lb. oz. dr. T. cwt. qr. lb. oz. dr. T. cwt. qr. lb. oz* dr. 

15 2 15 15 15 2 ir 3 13 8 7 3 13 2 10 7 7 

13 2 17 13 14 2 13 3 14 8 8 2 U 1 17 6 6 

12 2 13 14 14 1 16 10 5 4 17 14 6 

10 f 17 15 2 13 17 2 13 12 7 7 

12 I 10 10 1 14 1 1 2 2 3 13 10 4 4 

10 112 17 4 16 1775 5 2 12 83 



LONG MEASURE. 

Mis. fUr. pol. yd, ft. in. Mis. fur. pol.'yd. ft. in. Mis. fur. pol yd. ft. in. 

37 3 14 2 1 5 28 2 13 1 1 4 

28 4 17 3 2 10 39 1 17 2 2 10 
17 4 431 2 28 114 22 
10 5 6 3 1 7 48 1 17 2 2 7 

29 2 2 2 3 37 1 29 3 

30 4 2 2 20 2 1 



M> I V 



28 3 7 2 


7 


30 1 


7 


27 6 30 2 2 




7 6 20 2 1 




5 2 2 


10 


7 10 2 

1 


Q 



COMPOUND SUBTRACTION. 

Compound Subtraction teaches to find the difference of any 
two numbers of different denominations. 



COMPOUMO SUBTRACTION. ^ 4t 

1* Place the less riumber under the greater 90^ that those 
parts, which are of the ss^me denomination, majr stand di^ 
reedy under each other, and draw a line under thenu 

2. Beginning at the right, take the number in each denom- 
ination of the lower line from the number in the same de-t 
nomination over it, and set the remainders in a Ime under 
them. 

3. But if the lower number be greater than that above it,^ 
increase the upper nuinber b^ as many as make one of die 
ne^t higher denominatipn, and from this ^uqi ta)^e the lower 
nuipber and set the remainder as before. 

4. Carry one for the number boraowcdto the next number 
in the lower line, and subtract as before ;. and so on, till the 
whole is finished ; and all the several remainders, taken to« 
gethcr as one number, will be the whole difference requir- 
ed. 

The method of proof is the same as in Simple Subtracdon* 

MONEY, 
j^* s« d. jC« s« df jC» ^ ^ 

From 2r5 13 4 454 14 2| 274 14 2| 

Take 176 16 6 276 17 S\ , 85 15 7| 



mi. T . ■ . jt 



Ilem. 98 16 10 177 16 9J 188 18 6| 
Proof 275 13 4. 454 14 2| 374 14 2» 



■^r 



* The reason of this rule will readily appear from what has 
been said in Simple Subtracdon ; for the borrowing depends up- 
on tb« ¥«vy same pmciple, vsA k only different, as tfaenumbers 
lb be subtracted are of different denominations. 

r 



«» COMPOUND SUBTRACTION. 

TROY WEIGHT. 

Ih. oz* dwt. gr. lb. oz« dwt. gr. lb. oz« dwt. gr. 
From 7 3 14 11 27 '^ 2 10 20 29 3 14 5 
Take 3 7 15 20 20 3 5 21 20 7 15 7 



AVOIRDUPOIS WEIGHT. 

cwt« qnlb.oz.c^. cwt.qrJb.oz.dr* cwt. qr. lb* oz .dr. 
From 5 17 5 9 22 2 13 4 8 21* 1 7 6 IS 
Take 3 3 21 17 20 1 17 6 6 13 8 8 14 



f , 



LONG MEASURE. 

Bflfl. fur. poL yd. ft. in. Mis. fur. poL yd. ft. in. Mis. ftir. pol. yd. ft. in. 

Fr. 14 3 17 1 2 1 70 7 13 1 1 2 70 3 10 3 

Ta.10 7 80 2 10 20 14 2 2 7' 17 3 11 1 1 7 



TIME. 

m. w. d. h. ' . m. w. d. h. ' m. w. d. h. ' 
From 17 2 5 17 26 37 1 13 1 71 ^ 5 

Take 10 18 18 15 2 15 14 17 S S 7 

.. . \ 

Rem. 
Proof 



mmmtm 
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COKffOUND MULTIPUCATION. §1 

win 

COMPOUND MULTIPLICATION.. 

Compound Multiplication teaches to find the amount of 
any given number of different denominations by repeating it 
any proposed number of times. 

RULE.* 

1. Place the multiplier under the lowest denomination oS 
the multiplicand. 

.2. Multiply the number of the lowest denomination by the 
multiplier, find how many ones of the next higher denomi- 
nation are contained in the product. 

3. Write the excess, and carry the ones to the product of 
the next higher denomination, with which proceed as before ; 
and so on through all the denominations to the highest, 
whose product, together with the several exciesses, taken an 
•ne number, will be the whole amoimt required. 

The method of proof is the same as in Simple Multiplica- 
tion. 

EXAMPLES OF MONEV. 

1. 9lb« of tobacc6,*at 2s. 8^d. per lb. 

2s. 8^d. 



IL 4Sk 4^. the answer. 



Pipi^WM^B^^^FI^ 



* The product of a number, consisting of several parts or de- 
nominations, by any simple number whatever, will evidently be 
expressed by taking the product of that simple number and each 
part by itself, as so many distinct questions ; thus, 251. 13s 6d. 
multiplied by 9 will be 3251. 108s. 54d.»(by taking the shillings 
from tlie pence, and the pounds from the shillings, and placing 
them in the shillings and pounds respectively) 2301. ISs. 6d. 
which is agreeable to the rule ; and this will be truC) when the 
multiplicand is any compound number whatever. 



/ 

3. S\h» ot green tea, at 9b* 6d. per potuid. 

Ans. IL 8s. 6d« 
ft« 5lb. of loaf sugar, at Ife. 3d. per lb. 

Ans. 61. 3d. 
/4. dcwt. of cheese, at ll. lis. 5d. per cwt. 

Ans. 141. ^s. 9d« 
5. 12 gallons of brandy, at 9s. 6d. per gallon. 

Ans. 5l. 14s. 

CASE 1. 

If the multiplier exceed 12, multiply successively by it^ 
component parts, instead of the whole number at once, as in 
Simple Multiplication. 

EXAMPLE^. 

1. 16cwt. of cheese at ll. 18s* 8d* per cwt. 
11. 18s. 8d. 

4 



7 14 8 

4 



£Z0 18 8 the answer. 

2. '28 yards of broad cloth, at 19s. 4d. per yard. 

Ans. 271. Isk 4d. 

d*. 96 <{iUirtefs of rye, at Ik 3b« 4d. per quarter. 

Ans* 1121* 

4k 120 dozen of candles, at 5s. 9d. per doz. 

Atis. 341. 10s. 

S. 133 yards bf Irish eldth, at 2s. 4^. per yard. 

Ans. 1 jfl. ^s. 

% 144 reams of paper, at 13s. 4d. per ream. 

' Ans. 961. 



V 
I 



eOMlPOUlJB MULti]?LlCAtlON. «S 

CASE 2. . ' 

If the multiplier cannot be produced by the multiplication of 
small numbers^ find the product of such numbers tiearest to 
it, either greater or less, then multiply by the component parts 
as before ; and for the odd parts, add or subtract as the case 
requires* 

EXAMPLES. 

1. 17 ells of hoUand, at 7s. 8^d* per elL 





7s. 8|d. 




4 


1 


10 10 




4 


6 


3 4 




7 8| 



;f 6 1 1 Oi the answer. 

2. 23 ells of dowlas, at Is. 6\A. per elL 

Ans. ll. 15s. 5|d* 

3. 46 bushels of whe^t, at 4s» T^^d. per bushel. 

Ans. lOL lis. 9|d. 

4. 59 yards of tabby, at 7s. lOd. per yard. 

Ans. 231. 2s. 2d. 

5. 94 pair of silk stockings, at 12s. 2d. per pair. 

Ans. 57l. 3s» 8d. 

6. 117 cwt. of Malaga resins, at ll. 2s. 3d. per cwt. 

Ans. 1301. 3s. 3d. 

EXAMPLES or WEIGHTS AKD MEASURES. 

lb. dz.^wt gr. lb. oz. dr 8c. gr. cwt qr. lb. oz. tnls. fur. pis. yd, 
21 1 7 13 2 4 2 10 27 1 13 12 24 3 20 2 
4 7 12 6 
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S4 COMPOUND DIVISION. 

COMPOUND DIVISION. 

Compound Dhision teaches to find how often one number 
is contained in another of different denominations. 

EULE.* 

1. Place the numbers as in Simple Division. 

2« Beginning at the left^ divide each denomination by the 
divisor, setting the quotients under their respective dividends. 

3. But if there be a remainder after dividing any of the 
denominations except the least, reduce it to the next lower 
denomination, and add to it any number, which may. be in 
that denomination ; then divide the sum as usual ; and so 
on till die whole is finished* 

The method of prt>of is the same as in Simple Division. 

EXAMPLES OF MOMEY* 

1. Divide 2251. 2s. 4d. by 2. 
. 2)225L 2s. 4d. 

1121. lis. 2d. the quotient. 

2. Divide 7511. 14s. rjd. by 3. Ans. 250l. lis. 6|d. 

* To divide a number, consisdng of several denominations, 
by any simple numbe'r whatever, is evidently the same as divid*' 
ingall the parts or members, of which that number is composed, 
by the same simple numbers. And this will be true, when any 
of the parts are nQt an exact multiple of the divisor ; for by con- 
ceiving the number, by which it exceeds that multiple, to have 
its proper value by being placed in the next lower denomination, 
the dividend will still be divided into parts, and the true quotient 
found as before ; thus 25l. 12s. Sd. divided by 9, will be the 
same as 181. 144s. 99d. divided by 9, which is equal, to 31. 16s. 
lid. as by the rule ; and the method of carrying from one der 
nomination to another is exactly the san^e. 



COMPOUND DIVISION. 4? 

9. Divide 8211. 17s. 9|d. by 4. Ans. 2051. ds. S^d. 

4. Divide 28L 2s. l|d. by 6. Ans. 4L 138. 8|d. 

5. Divide 1351. 10s. 7d. by 9« Ans. 15l. Is. 2d« 

6. Divide 227L 10s. 5d. by 11% Ans. 20L 13s. 8<L 



CASE 1. 

If the divisor exceed 12, divide continually by its compo- 
nent parts, as in Simple Division. 



£XAMPL&8i 



U What is cheese per cwt. if 16 cwt. cost M* I8s* Sd.^ 
4)3(4. 18s. 8dL 

4)7 14 8 



j^l 18 8 the answer. 
2« If 20cwt. of tobacco come to 120L 10s. what is that per 
cs^n. ? '^ Ans. 6L 6d. 

d. Divide 57L 3s. 7d. by 33. 

Ans. 11. 12s. 8d. 

4. Divide 851. 6s» by 72. ^ 

^ . Ans. ll. 3s. 8^d« 

5. Divide 311. 2s. 10|*d. by 99. 

Ans. 6s. 3^d* 

6« At 18L 18s. per cwt* how much per lb. i 

Ans. 3s. 4^d. 



CASE 2.. 



^ the divisor cannot be produced by the multiplication of* 
small numbers, divide by Long Division^ ' 



# • 



$$ COMPOUND DIVISION. 



EXAMPLES. 



1. Divide 741. 13s. 6d. by 17. 

ir)r4 13 6 (4 r lo 

68 



\ 



6 


- 


20 




133 


, ' 


119 




14 


fc 


12 




lf4 




17 


1 


4 




2. Divide 23l. 15s. r Jd. by 37. 


Ans. 12s. 10|d. 


3. Divide 3151. 3s. I0|d. by 365. 


An$, X7^. 3jd. 



EXAMPLES OF WEIGHTS AND MEASURES. 

1. Divide 23lb. 7oz. 6dwt. 12gr. by 7. 

Ans. 3lb. 4oz. 9dwt. 12gr« 

2. Divide 13lb. loz. 2dr. lOgr. by 12. 

Ans. lib. loz. 2sc. lOgr. 

3« Divide 1061 cwt. 2qrs. by 28. 

Ans. 37cwt. 3qrs. I8lh. 

^^ * 

4. Divide 3r5mls. 2fur. 7pls. 2yds. 1ft. 2in. by 39. 

Ans» 9mls. 4fur. 39pls. 2ft. Sin. 

5. Divide 120L. 2qrs. Ibu. 2pe. by 74. 

Ans. IL. 6qrs. Ibu. 3pe. 
%. Divide 120mo. 2w. 3d. 5h. 20^ by 111. 

Ans. Imo. 2d. lOh. 12^ 



DUODECIMALS. #7 

DUODECIMALS. 

Duodecimals are so called because they' decrease by 
twelves, from the place of feet towards the right. Inches 
are somfltimes called primes^ s^d are marked thus ' ; the 
next division, after inches, is called parts, or seconds^ and is 
niarked thus^^ ; the next is thirds^ and marked thus '"\ and 
so on. 

Duodecimals are commonly used by workmen and artifi- 
cerSv in finding the contents of their work. 

MULTIPLICATION OF DUODECMALS j 
OR, CROSS MULTIPLICATION. 

BULK. 

1. Under the multiplicand write the same tttunes or de- 
nominations of the multiplier, that is, feet under feet, inches 
under inches, &c. 

2. Multiply each term in the multiplicand, beginning at 
the lowest, by the feet in the multiplier, and write each re- 
sult under its respective term, observing to carry an unit 
for every 12, from each lower denomination to its next su- 
perior. 

3. In the same manner multiply every term in the multi- 
plicand by the inches in the multiplier, and set the result of 
each term one place father toward the right of those in the 
multiplicand. 

4. Proceed in like manner 'with the seconds and aU tfie 
rest of the denominations, if there be any more ; and the 
sum of all the lines will be the product required. > 

Or the denominations of the several products will be ^ 

follow : 

Feet by feet give feet. 

Feet by primes g^ve primes., 
8 
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tcQt by seconds give secondd^ 

&c. ' 

Primes by primes give seconds. 
Primes by seconds give thirds, 
Primes by thirds give fourths, 

&c. 
Seconds by seconds give fourth^;* 
Seconds by thii'ds give fifths. 
Seconds by fom*ths give sixths, 

&c« 
Thirds by thirds give sixths. 
Thirds by fourths give sevenths. 
Thirds by fifths give eights, 
&c. 
In general thus ; 
When feet are cfoncemed, the product is of the same die- 
nomination ,with the term multiplying the feet. 

When feet are not concerned, the name of the product 
will be expressed by the sum of the indices of the two fac<^ 
tors, or of the strokes* over them., 

EXAMPLES. 

1. Multiply lOf. 4' 5" by 7f. 8' 6", 

7 8 6 



72 6 11 

6 10 11 4 

5 2 2 6 

79 11 6 6 Answer. 



2. Multiply 4f. f by 6f. 4' O". ' Ans. 29f. O' 4". 

3. Multiply 14f. 9' by 4f. 6'. Ans. 66f. 4' 6". 
4; Multiply 4f. 7' 8" by 9f. 6'. Ans. 44f. O' 10". 



VULGAR FRACTIONS* 4» 

5. Multiply yf. 8' 6" by lOf. 4' 5." 

Ans. 79{. ll'c/'6'"6iv. 

6. Multiply 39f. !(/ 7" by 18f. S' 4". 

Ans. r45f.- 6' 10" 2'" 4iv. 

7. Multiply 44L ^ 9" 2'" 4iv. by 2f. 10' 3". 

Ans. 126f. 2' 10" 8"' lOiv. IIV. 

8. Multiply ^f. 10' 8"r"' 5iv. by 9f. 4' 6". 

Ans. 233f. 4' 5" 9'" 6iv 4v. 6vi» 

V 9. Required the content of a floor 48f. 6' long, and 24f. 

3' broad. 

Ans. liref. 1'6". 

10. What is the content of a marble slab, whose length \% 

5f. 7', and breadth if. itf I 

Ans. lOf. 2' 10"w 

11. Required the content of a ceiling, which is 43f. Z* 

long, and 25f. 6' broad. 

Ans. 1102f. 10' 6", 

12. The length of a room being 20f. its breadth 14f. 6'^ 
and height lOf. 4' i how many yards of painting are in it, 
deducting a fire place of 4f. by 4f. 4', and two windows, 
•ach 6f. by 3f. 2' ? Ans. 7Z-i^ yards. 

13. Required the soU4 content of a wall 53f. 6' long, 10^ 
3' high, and 2f. thickt Aps. 131Qf. 9^, 

VULGAR FRACTIONS. 

1. Fractions are expressions for psUts of an integer or 
whole. Vulgar Fractions are represented by two numbers, 
placed one above the other, with a line between them. 

2. The number above the line is called \ht numerator ; 
and that below the line, the denominator. 

'Pie denomin^r shows how man^ parts the integer \k 
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4 • 

divided into ; and the numerator shows how many of thosjB 
parts are contained in the fraction. 

3. A proper fraction is one, whose numerator is less than 
the denominator ; as |, 4> f > ^^* 

4* An improper fraction is one, whose numerator exceeds 
the denominator ; as|, y^P, &c. 

S* A single fraction is a simple expression for any num- 
ber of parts of the integer. 

6. A compound fraction is the fraction of a fraction ; as 
i of |, I of J, &c. 

7. A mixed numher is composed of a whole number and 
a fraction ; as 8|, l^fj, &c. 

Note— Any whole number maybe expressed like a frac- 
tion by writing 1 under it ; as 4* 

8. The common measure of two or more numbers is that 
number, which will divide each of them without a remain- 
der. Thus 3 is the common measure of 12 and 15 : and 
the greatest number, that will do this, is called the greatest 
common measure* 

9. A number, which can be measured by two or more 
ni^^mbers, is called their common multipk; and if it be the 
kast number, which can be so measured, it is called their 
kast common multiple ; thus 30^45, 60, and 75, are multi- 
ples of % and 5 ; but their least common multiple is \5*^ 

* A prime number is that, which can only be measured by an 
unit. 

That number, which is produced by multiplying several 
numbers together, is called a comfioaite number. 

Afier/ect number is equal to the sum of all its aliquot part. 

The following perfecjt numbers are taken from the Petera- 
))urgh actS} and are all| that are known at present. 
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PROBLEM 1m 

Tojind the greatest common measure of two or more numbers. 

RULE.* 

1. If there be two numbers only, divide the greater by the 
Less, and this divisor by the remainder, and so on till nothing 

6 

28 

496 

ai38 

33550336 . 

8589869056 

137438691328 

3305843008139952128 

2417851639228158837784576 ' 

9903520314282971830448816128 
There are several other numbers, which have received dif- 
ferent denominations, but they are principally of use in Alg^- 
bra, and the higher parts of mathemadcs. V 

* The truth of the rule may be shown from the first exam- 
pie.— For since 54 measures 108, it also measures 108+54, or 
162. 

Again, since 54 measures 108, and 162, it also measures 
5X162+ 108, or 9 18. In the same manner it will be found to 
measure 2 k9 1 8+ 1 62, or 1 998, and so on* Therefore 54 meas- 
ures both 918 and 1998. 

It is also the greatest common measure ; for suppose there 
be a greater, then since the greater measures 918 and 1998, 
it also measures the remainder 162 $ and since it measures 162 
and 918> it also measures the remainder 108; in the same 
manner it will be found to measure the remainder 54 ; that is, 
the greater measures (he less, which is absurd. Therefere 54 
is the greatest common measure. 

In the Very same manner, the demonstration may be applied 
to 3 or more numbers. 
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remains, always dividing the last divisor by the last remain- 
der ; then will the last divisor be the greatest common meas- 
ure required. - 

2. When there are more than two numbers, find the 
greatest common measure of two of them as before ; and of 
that common measure and one of the other numbers ; then 
will the greatest common measure, last found, be die an- 
swer. 

3. If 1 happen to be the common measure, the given nuni- 
bers are prime to each other^ and found to be incommea^- 
tirable. 

EXAMPLES* 

If Required the greatest common measure of 918, 1998, 
and ^22. 

918)1998(2 So 54 is the greatest common measure 

1836 ofl 998 and 918. 

n r Hence 54)522(9 

162)918(5 486 

810 f , 

— 36)54(1 

108)162(1 36 

108 



18)36(2 



54)10§(i? 36 

108 



Therefore 18 is the answer required* 

2. What is the greatest common measure of 612 and 
540 ? Ans. 36. 

3. What is the greatest common measure of 720, 336, 
and 1736? Ans. 8. 



\ 
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PROBLEM 2. . 

TojtnS the kast common multiple of two or more numbers* 

RULE.* 

1. If there be only two numbers, divide their product by 
their greatest common measure ; and the quotient will be 
iheir least common multiple. 

2. When there are more than two numbers, find the least 
common multiple of two of them as before ; and of that 
common multiple and one of the other numbers ; and so on 
through all the numbers to the last ; then will the least 
fiommon multiple, last found, be the answer* 

3. If the numbjers be prime to each other, their product 
k their last common multiple* 

^ EXAMPLES. 

1« What is the least common multiple of 3, 5, 8, and 10 ? 
3 
5 

15 the least common multiple of 3 and 5. 
8 



120 the least common multiple of 3, 5, and 8« 
10 10)1200(120, hence 10 is Ae 



10)1200(120 the answer. * greatest commoa 

measure of 10 & 
1200* 

* The truth of this rule may in some measure be seen by an 
examination of the first example. It may be easily ascertain^ 
ed that 1 5 is the least number, that can be divided by 3 and 5 
without a remainder ; and that 1 20 is the least number, that 
can be divided by 3, 5, and 8 without a remainder ; but this 
can also be divided by 10 without a remainder; therefore 120 
appears to be the lea^t common multiple of 3^^ 5, 8, and 10. 
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2. What is the least commcm multiple of 4 arid 6 ? 

Ans. If^. 

3. What is fhe least number, ^at 3, 4, 8, and 12 v^ 
measure ? • Ans. 24» 

4. What is tlie least number, that can be dividdd by the 
sine digits with<)ut a remainder? Ans. 2520* 

REDUCTION OF VULGAR FRACTIONS. 

Reduction of Vulgar Fractions is the bringing them out 
of one form into another, in order to prepare them for the 
operations of Addition, Subtraction, &c« 

^ ' CASE 1« . 

y ' ■ 

To abbreviate or reduce fractions to their lowest terfns* 

RtTLE** 

Divide the terms of the given fraction by any number, 
that win divide them "without a remainder, and these quo- 

■■ n I i " 

k 

* That dividing' both the terms of the fracdon equally by 
any number' whal«¥#rwiU giye another- iiEaction» equal tathe 
foimc^r) is evident. And if those divisions be .performed as of- 
ten as can be done, or the common divisor be the greatest pos* 
9iUe, the terms of the resulting fracdon must be the least pos- 
sible. 

NoTB 1. Any number, ending with an even number or a 
cypher, is divisible by S . 
^ 3. Any number, ending with 5 or 0, is divisible by 5. 

3. If the first place of any number on the right be 0, the 
^whple is^^lvie^e by 10. 

4. tf the first two flgnres on the right of any .nuiid)e.r be^- 
viable by 4, the whole is divisible by 4. 

5. If the first three figures on the right hand of tmy nnmb er 
be divisible by 8 the whole is divisible by 8. 
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fients again in the same manner ; apd so on till it appearsy 
that there is no number greater than 1^ which will dividi^ 
themj and the fraction will be in its lowest terms. 

Or, 
Divide both the terms of the fraction, by their greatest 
eommon measure, and the quotients will be the terms of die 
fraction required. 



i V 



i_ 



EXAMPLES. 

1. Reduce ^|^ to its lowest terms. 

V (2) (2) (3) (2) (2) 

Or thus: 
144)24(6(1 
144 

96)144(1 
96 

48)96(3 
96 



6. If the sum of the digits, constituting any number, be divl-* 
sible by S, or 9, the whole Is divisible by 3, or 9. 

7* All prime numbers, except 3 and 5^ have I, 3, 7, or 9, in 
the place of units $ and all other numbers are composite. 

8. When numbers, with the sign of Addition or Subtraction 

between them, are to be divided by any number, each of the 

4 I fl r lo 
numbers must be divided. Thus "*" "*" ^ss^+4+S:^\t. 

9. But if the numbers have the sign of Multiplication bftweei^ 
them^ only one of them must be divided. Thus ^^^,^^? 

3X4X10 1X4X10 1X2X10 20 



1X6 1X2 ixl I 

9 



:»2Q. 



Therefore 48 is the greatest conin^^ n^asure, a|i4' 
4!8)y|^=4i ^he same as before. 

2. Reduce. 7^ to its least terms. Ai^s. -^ 

3. Reduce |^|. to its lowest terms* Ans ^. 

4. Bring ^fj to its lowest terms* Ans. ^f . 

5. Reduce Iff to its least terms^ Ans- ^t* • 

6. Reduce f-|4l ^^ ^'^ ^^^*^ terms. Ans. |^ 

7. Reduce -tt^t ^^ *^ lowest terms. Ans. |. 

8. Abbreviate -sVVVVtVtt ^^ much as possible. 

Ans.,VA%- 

\ CASE 2. ' 

?b reduce a mixed number to its equivalent improper fraction* 

EULE.* 

Multiply the whole number by the denominator of the 
fraction, and add the numerator to the product, then that 
sum written above the denominator will form the fraction 
required. 

EXAMPLES. 

1. Reduce 27f to its equivalent improper fraction; 

27 - 

9 



243 
2 

245 



* All fractions represent a division of the numerator by the 
denominator, and are taken altogether ds proper and ^deqO^te 
expressions for the quotient. Thus the quotient *of d divided 
by 3 is I ; whence the rule is manifest ; for if any number b^ 
multiplied and divided by the same number, it is evident the 
quotient must be the saiQe as the quantity first given. 
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Or I_-=l||. the anawen . 

9 

2. Reduce ISS/j- to its equivalent improper fraction. 

Ans. i|4^: 

3. Reduce 5J14tV ^^ ^^ improper fraction. Ans. -^1*. 

4. Reduce lOi ' j-| to an improper fraction. Ans. 4|f&. 

5. Reduce 47U^J to an improper fraction. 

CASE 3^ 

71^ rerfttice an improper fraction to its equivalent whole or 

mixed number* 

»UJLE.* 

Divide the numerator by the denominator, and the quo- 
jl^ient will be the whole or mixed number required. 

EXAMPLES. 

J, Reduce \-y to its equivalent whole or mixed number. 

16)981(61/^ . 
96 

21 
16. 

$ . . 
Or, 
W=981-7-16=61^V*e answer. 
^. Reduce Y ^o its equivalent whole or mixed number. 

Ans»r« 
3, Reduce -f y^ to its equivalent whole qr mixed num- 
ber. An^f 56||« 

^ This rule is plainly the reverse of the former, and hai U^ 
reason in the nature of common divisiqn. 
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4. Beduce i{^^ to its equivalent whole or mixed numr 
ber. Ans. I8Vt' 

5» Reduce ^jf?^ ^ its eqmvalent whole or mixt^d num^ 
l»cr, Aiis.l2Q9Ht- 

CASE 5. 

TV reduce a whole number to an equivc^lent fraction^ kcnfing^ 

a given denominat^f 

RULE.* 

> - . 

Multiply the whole number by the given denominator^ 
ind place the product oyer the said denomiDator, and it 
will form the fraction required. ' 

EXAMPLES. 

1. Reduce 7 to a fraction, whose denominator shall be 9* 

7X9=63, and %S the answer. 
And y=63-r-9=r the proof. 

2. Reduce 13 to sk fraction, whose denominator shall be 
t2. Ans. Y^^ 

3* Reduce )00 to a fraction, whose denominator shall be 
SO. Ans. i^J*. 

CASE 5. 

To reduce a compound fraction to an equixxdent ^tngk one. 

RigrLE.f 

Multiply all the iiumeratprs together for a numerator, 
^d all th^ denominator^ together for a denominator, and 
th^y will form the single fraction required. 

f Multiplication apd Division are here equally used, and con- 
sequently the result is the saipe as %hp quantity first proposed. 

.t That a coniipound fraction may be riepresented by a single 
fme ip evident, ^incp a part of a part must be equal to some par( 
Df the wholfB. The truth of the rple for this reduction may hp 
Bhown as follows s 



'If part'tif die compound fraction be a whole or mixe4 
numl>er, it tnitst be reduced to % fraction by one of the for- 
mer case^. ' 

When it can be done, divide any two terms of die frac^ 
tion by the same number, and use the qu()tients instead 
jthereof. 

V I 

fiXAMPLES. ' 

\f, Reduce f of J of \ of -j^ to a single fraction. 

gX3X4x8 _ 192_16 
3X4X5X1 1^600*" 55 
Or, 

•s — ^ rr=Tl as before. \ 

i 

^ Reduce f of | of I to a single fraction. Ans. |f 

3. Reduce | of f of J- of 'f^ to a single fraction* 

Ans. ^» 

4* Reduce \\ of -^ of f\> of 10 to a single fraction. 

CASE 6. 

To riduce fractions of different denominators to equivalent 
fraetionsy having a common denominator* 

RULE 1.* 

Multiply each numerator into all the denominators, ex- 

Let the compound fracdon to be reduced be f of 4. Then | 
of ^sb|h-3*«^, and consequently | of ^s^^^X^fs:^, the same 
as by the rule, and the like will be found to be true in all cases. 

If the compound fraction consist of more numbers than 2, 
the first two may be reduced to one, and that one and the third 
Ifrill be the same as the fracdon of two numbers ; and so on. 

^ By placing the numbers multiplied properly under one an* 



I * 
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cept i]ts own, fi>r a new numerator ; and all the denomifkt^ 
tors continu^Jly for the common denominator* 

EXAMPLES. 

1. Reduce |, |, and ^ to equivalent fra^tionsi havbg ^ 
common denominator. 

1X5X7=35 the new numerator for ^ 
3X2X7=42 do*. for | 

4X2X5=40 4o. fori 

2X5x7=70 the common denominator. 
Therefore the new equivalent fractions are ^l^, |f , and 
4^, the answer. 

2. Reduce ^, f , f , and \ to fractions, having a common 
denominator. -A.ns. i4|, |||, }4|, ||». 

3. Reduce -I, ^ of ^i 5-^, and ^^ to a common demomi- 

natnr An<; ^l^^ 3488135 «0 

4. Reduce -f-J* I ^f ^ii tt» ^^^ ^ to a common denomi* 

natnr Ann 1S55S 15015 13104 11440 

naiOl. AUS. TTffTT? TH'ITTTJ TT^IT^ TTl^TT* 

RULE 2« 

To reduce any g'iven fractions to others^ which shall have the 

least common densminatof* 

1.^ Find the least common multiple of all th<s denomina- 

other) it will be seen, that the numerator and denominator of 
every fraction are multiplied by the very same number and con^ 
sequently their values are not altered. Thus in the first ex- 
9niple : 



X5X7 



X5X7 



X2X7 4 



X2X5 



X2X5 



X2X7 7 

In the 2d rule^ the common denominator isa multiple of all 
the denominators) and consequently will divide by any^of them j; 
it is thereiore manifest that proper parts may be tftken for all 
die numerators required. 
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tors of the given fractions, ai^d it will be the commoti de- > 
nominator required. 

2* Divide the common denominajtor by the denominator i 
of each fraction, and multiply the quotient by the numerar : 
tor, and the product will be the numerator of the fraction: 
required. 

EXAMPLES. 

1* Reduce ^^ -f, aM'l- to fractions, having the least coiiti- 

n)on denominator. 

2 

3 



6 the least common denominator. 
-6'-T-2>cl=3 the first numerator ; 6-r-d>c2ss4 the second nu- 
merator: 6-r-6x5=5 the third numerator. 

Whence the required fractions are f^ ^, ^ 

2. Reduce -f^ and -^-1 to fractions, having the least com- 
mon denominator. Ans. ||^, |f . 

3. Reduce |i f 1) and f to the least common denomina- 

tor. rknS. y-y, -j-Jl Tf ' T¥* 

4. Reduce ^, 4. 4, and -/^^ to the least commrn deAomi- 

■RAfAv A nft ^ * 5 6 3 

Bator. -fLDB. -y^ , -g-^, .jpy . ^^, 

5. Reduce^, |, f ;|^, ^t, and ^ to equivalent fractions, 
having the least common denominator. 

AriQ IJ. 3G 4Q 4S-3S 34 
"^' 7t> Ty» ft' 7-r 4f TT* 

CASE 7. 

To find the value of a fraction in the known parts of the in- 

teger. 

RULE.* 

. \ ♦ 

Multiply the numerator by the parts in the next inferior 

* The numerator of a fraction may be considered as a re- 
mainder, and the denominator as a divisor ; therefore this rule 
has its reason in the nature of Compound Division. 
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deil<ntlinatioh, and divide the product by the denominator ; 
and if any thing remain,' multiply it by the next inferior de« 
nomination, and divide by the denominator as before ; and 
to on a& far ais necessary ; and the quotients placed after one 
another, in their order, witt be the answer required. 

EXAMPLES. 

1« What is the value off of a shillmg^ 

5 
12 

7)60(8d. 2f q. 
56 

4 
4 

16 
14 

2 
4^ What is fkt value of | of a pound sterling? 

Ans. 78. 6d.^ 
3. What is the value of $ of a pouQd Troy? 

Ans. 7oz. 4divt» 
4k What is the value of ^ of a pound Avoirdupois ? 

Ans. 9oz. 2|-dr* 

5. What is the value of £ of a cwt. i 

Ans. 3qrs. 3lb. loz. 12|dr. 

6. What is the value of -^ of a mile i 

Ans. Ifur. 16pls. 2yds. 1ft. 9-^in. 

7. What is the vsdue of f of an ell English i 

* . Ans. 2qrs. S|- ils. 

^ 8.^What is the value of { of a tun of wine i 

Ans. 3hhd» 31 gal. 2qt8* 
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9» What IS tiie value of -^ of a day ? 

Ans. 12h. 55^ 23^^ 

CASE 8. » 

To reduce a fraction of one denomination to that of another ^ 
^ retaining the same value* 

RULE.* 

Make a compound fraction of it, and reduce it to a single 
one. 

£:^AMFXES. 

# 

1. Reduce |- of a penny to the fraction of a pound. 

I of T^ of 7V=T/Tir=7TT ^^e answer* 
And ^Y of Y of Y=|||^fd. the proof. 

2. Reduce f of a farthing to the fraction of a pound. 

3« Reduce ^^1. to the fraction of a penny. Ans. Y* 

4. Reduce -J of a dwt. to the fraction of a pound Troy. 

Ans. ^^7* 

5. {leduce 7 pf ^ pound Avoirdupois to the fraction of a 
cwt. , Ans'. -jIti. 

, 6. Reduce xrs's ^^ ^ YAiA* of wine to the fraction of a , 
pint. Ans. -|^^. 

7. ^ Reduce ^^ of a month to the fraction of a day. 

Ans. ||. 

* The reason of this practice is explained in the role for re-» 
du4:ing compound fractions to single ones. 

The rule might have been distributed into two or three differ- 
ent caseS} but the directions here given may very easily be ap« 
plied to any question, that can be proposed in thosie cases, and 
will be more easily understood by an example or two, than by . 
a multiplicity of words. 

10 . 



U VULGAR FRACTIONS. 

8. *Reduce ^s. 3d. to the fraction of a pound. Ans. ||. 

9. Express 6fur.'16pls* to the fraction of a niile. 

V Ans. 4. 

ADDITION OF VULGAR FRACTIONS. 

RULE.t 

Reduce compound fractions to single ones j mixed num- 
bers to improper fractions ; fractions of different integers 
to those of the same ; and all of them to a common denom- 
inator; then the sum of the numerators, written over the 
common denominator, wiQ be the sum of the fractions re- 
quired. 

EXAMPLES. 

Ir Add 3|, f , 4 ^^h ^^^ ^ together. 
First 3|=V>f of |=TV,7=f 

Then the fractions are V, |, ^V? ^^^ t » •*• 
29>C8>C10X 1=2320 
7X8X10X 1= 560 
7X8X 8X 1= 448 
7X8X 8X10=4480 - 



rao8 



.=12|fJ=l2| the answer* 



8X8X10X1=640. 



• Thus7s. 3d. =as87d.and II. =:240d. .•.^^^5=11 the answer. 
^ t Fracdons, before they are reduced to a common denomina- 
tor, are entirely dissimilar, and therefore cannot be incorporat- 
ed with one another ; but when they are reduced- to a com- 
mon denominator, and made parts of the same thing, their sum 
or difference may then be as properly expressed by the sum or 
difference of the numerators, as the sum or difference of anj 
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«. Add f , 7J, and | of | together. Ans. «|. 

' 3* What is the sum of |. ^ ot ^^ and 9^1^^ ? Axis. l(Vv. 

4. What is the sum of -^^ of ^i-, ^ ^^ 79 ^>^d ^i • 

Ans. 13^|. 

5. Add ^1. f s. and '^^ of a penny togetlier. 

Ans. 4^«|, or 3s. id. Ij^. 

6. What is the sum of f of 15l. 3{L | of | of | of a 

ipound, and <| of ^ of a shilling ? . 

Ans. 71. 17s. 5|dL 

7. Add f of a yard, | of a foot, and | of ^ mile together* , 

Ans. 660yds. 2ft. 9in. 

8. Add I of a week, ^ of a day, and ^ of an hour togeth- 
er* . Ans. 2d. 14|h. 

SUBTRACTION OF VULGAR FRACTIONS. 

;au^E. , 

Pj-epare the fractions as in Addition, and the difference 
•f the numerators, written above the common denomin^* 
tor, will give the difference of the fractions required* 

1. Fromf take | of J. 

3 
••. ^T — /t = if = T ^hc answer required. 

2. From ^y^ take |. . Ans |J|* . 

3. From 96| take 14|. Ans. 81^* 

4. From 1,4| take | of 19, Ans. 1^. 
' 5. From Jl. take |s. Ans. 9s. 3d. 



two quantides whatever by the sum or difference of their indi- 
viduals ; whence the reason of the rules, both for Addition and 
Siibtrs^ction, is manifest. 



V6 VULGAR FRACTIONS. 

6. From foz. take ^dwt. Ans. lldwt. 3gr. 

7. From 7 weeks take 9-/^ days. Ans. 5w. 4d. 7h% 12'. 

MULTIPLICATION OF VULGAR FRACTIONS. 

RULE.* 

Reduce compound' fractions to single ones, and mixed 
numbers to improper fractions ; then the product of the nur 
pierators is the numerator ; and the product of the denomi-^ 
nators, the denominator of the product required. 

S:CAMFL£8. 

!• Required the cont'nued product of 2|, |, | of f , and 2. 
21 |>iofi = g|=^,and2=i; 

Then |x|^ Axf :^^^^^^^^ =«A the answer, 

2. Multiply -^j by /j. ^ Ans. ^. 

3. Multiply 4J by ^. Ans. y^^. 

4. Multiply i of r by f.* Ans. 1|. 

5. Multiply I of I by I of 3f . Ans. ||. 

6. Multiply 4^, I of ^, and 18-J, continually together. 

Ans. 9y^7y. 



* Multiplication by a fraction implies the taking some par^ 
or parts of the multiplicand, and therefore^ may be truly ex- 
pressed by a compound fraction. Thus | multiplied by { is 
the same as | of f ; and as the directions of the rule agree with 
the method already given to reduce these fractions to single 
jQ^eSf it is shown to be righK 
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DIVISION OF VULGAR FRACTIONS. 



RULE 



.* 



Prepare the fractions as in M idtiplication ; then invert 
die divisor, and proceed exactly as in Multiplication. 



BXAMPLBS. 

J. Divide » of 19 by 4 of |. 

i of 19=4^ =y, and J of |=^=1 ; 

« 19X2 
*•• V^T="TUT=y=''T ^^® quotient required. 

2. Divide ^ hy $. Ans. f . 

3. Divide 9| by | of r. Ans. 2ff . 

4. Divide 3 j- by 9^. Ans. |, 

5. Oiyide ^ by 4. Ans. -f^, 

6. Divide | of | by | of |. Ans. |. 



DECIMAL FRACTIONS. 

A Decimal is a fraction, whose denominator is an unit, 
or 1, with as many cjrphers annexed, as the numerator has 



* The reason of the rule m^y be shown thus. Suppose it 
were required to divide | by |. Now |-h3 is manifestly ^ of 

3 
I or — — ; but 4=1 of 2, /. I of 2, or f must be contained 5 

4X2 

3x5 

times as often in I as 2 is ; that is =s the answer ; which 

* 4X3 

is according to the rule $ and will be so in all cases. 



U DECIMAL FRACTIONS. 

places ; and is commonly expressed by writing the nume- 
rator only, with a point before it, calkcjl the separatrix* 



Thus, O'S is e 


qual 


to ^'jf or 
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0'2S 




tVt or 
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13 
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Uor 


1 ^ 


24*6 




S4t\ 




"02 




TfTor 


' tV 


'0015 
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rTnnnr °^ 


TTITT* 



A jffnife decimal is that, which ends at a certain number 
of places. But an infinite decimal is that, which is under- 
stood to be indefinitely continued. 

A repeating- decimdl has one figure, or several figures, 

continually repeated, as far as it is found. As *33j Sec. 
. which is a single repetend. J^nd 20*2424, &€. or 20-246246, 
&c. which are compound repetends. Repeating deciipals are 
also called circulates^ or circulating decimals* A point is 
set over a single repetend, and a point over the first and last 
figures of a compovmd repetend. 

The first place, next after the decimal mark, is 10th parts, 
the second is 100th parts, the third is 1000th parts, and so 
on, decreasing tpward the right by lOths, or increasing to- 
ward the left by lOths, the same as whqle or integral num- 
bers do. As in the following 



4tf» 



Note. — A fraction is multiplied by an integer, by dividing 
the denominator by it, or multiplying the numerator ; and dU 
vided by an integer, by dividing the numerator, or multiplying 
the denominator. 
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SCALE OF NOTATION. 
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Cyphers on the right of decimals do not alter their value. 
For '5 or -/^ is ^. 
And '50 or ^Y^ is J. 
And '500 or ^»yV^ is |. 

But cjrphers before decimal figiu-es, and after the separat* 
ing point, diminish the value in a tenfold proportion for ev- 
ery cypher. 



So '5 is A or 



« /M. 1 
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But -O^ is ^ Jy or TfV 

And -005 is ^/^^ or ^^^ 
And so on* 

So that, in any mixed or fractional number, if the sepa« 
rating point be moved one, two, three, &c. places to the 
right, every figure will be 10, 100, 1000, &c. times greater 
than before* 

But if the point be moved toward the left, then every fig- 
ure will be diminished in the same manner, or the whole, 
quantity will be divided by 10, 100, 1000, &c. 



so DECIMAL FRACTIONS. 

/ 

V 

ADDITION OF DECIMALS. 

auLE. 

1. Set the numbers under each other according to the val- 
ue of their places, sus ia whole numbers, or so that the deci- 
mal points may stand each direcdy under the preceding. 
X 2. Then add as in whole numbers, placing the decimal 
point in the sum directly und^ the other points. 

EXAMPI^S. 

0) 

7530 
16*201 
3*0142 
95^13 
6'r28l9 
'03014 



8513' 10353 



2. What is the sum of 276, 39*213, 72014*9, 417,-5032, 
and 2214*298 ? Ans. 79993*411. 

3. What is the sum of '014, '9816, '32, '15914, '72913, 
and '0047 ? Ans. 2*20857. 

4. What is the sum of 27*148, 918*73, 14016, 294304, 
•7138, and 221*7? Ans. 309488*2918. 

5. Required the sum of 312*984,21*3918, 2700*42, 3*153, 
27*2, and 58106. And. 3646*2088. 

SUBTRACTION OF DECIMALS. 

RULE. 

1. Set the less number under the greater in the same 
manner as in Addition. 



X DECIMAL FRAeTlONS. •! 

^B iThen subtract as in whole aumbers, and place the 
decimal pdint in the remainder directly under die odier 
points. 

XXAKPLES. 

0)- 

214*81 
4-90142 



A 



?09*90858 

2. From -917^ subtract -SISS. Ans. •703** 

3. From 2-73 subtract 1-9185. Ans. 0-81 15^ 

4. What is the difference between 91*713 and 407 ? 

Ans. 315-287* 

5. What is the difference between 16-37 and 800-135 i 

Ans. 783-715- 

MULtlPLICATION OF DECIMALS. 

RULE.* , 

i. £iet down the factors imder each othfsr, and multiply 
&em a;s in whole numbers- 

2. And from the product, toward the right point off as 
many figures for decimals, as there are decimal places in 
both the factors. But if there be not so many figures in the 
product as there ought to be decimab, prefix the proper 
number of cyphers to supply the defect. 

• To prove the truth of the rule, let '9776 and •823 be the 

numbers to be muldplied ; now thpse are equivalent to -^^^ 

»n<5i¥ife5 whence .^5ftftfeXT^%«T2^o4^ 

nature of Natation, and consisting of as many places, as there 

are cyphers, that is, of as maoy places as are. in both the num- 

liers ; and the same is true of any two numbers whatever. 

11 



ft2 DECIMAL FRACTIONS 

SXAMPLES. 

0) , 

•381 



9178 
73424 
27534 

34-96818 



2. What is the product of 520-3 and -417 ? 

Ans. 216-9651. 

3. What is the product of 51-6 and 21 ? Ans. 1083-6. 

4. What is the product of !217 and -0431 ? 

Ans. •0093527» 

5. What is the product of -051 and -0091 ? 

Ans. -0004641. 

I 

Note. When decimals are to. be multiplied by 10, or 100, 
or 1000, &c* that is, by 1 with any number of cyphers, it 
is done by only moving the decimal point so many places 
farther to the right, as there are cyphers in the said 
multiplier ; subjoining cyphers, if there be not so many 
figures. 

EXAMPLES. 

1. , The product of 51-3 and 10 is ' 513. 

2. The product of 2-714 and 100 is 271*4. 

3. The product of -9163 and 1000 is 916-3. 

4. The product of 21-31 and 10000 is 2131oa 



7 



DECIMAL FRACTIONS. 13 

CONTRACTION. 

« 

When the product would contain several more decimals than 
are nedessary for the purpose in haridj the wort may be 
much contract^dy,and only the proper number of decimal 
retained. 



RULE. 



1. Set the unit figure of the multiplier under such deci- 
mal place of the multiplicand as you intend the last of your 
product shall be, writing the other figures of the multiplier 
in an inverted order. 

2* Then in multiplying reject all the figures in the mul- 
tiplicand, which are on the right of the figure you are mul- 
tiplying by ; setting down the products so that their figures 
on the right may fall each in a straight line under the pre- 
ceding ; and carrying to such figures on the right from the 
product of the two preceding figures in the multiplicand 
thus, namely, 1 from 5 to 14, 2 from 15 to 24, 3 from 25 
to 34, &c. inclusively ; and the sum of the lines will be the 
product to the number of decimals required, and will com*^ 
monly be the nearest unit in the last figure. 

EXAMPLES. 

1. Multiply 27*14986 by 92*41035, so as to retain Qnljr 
four places of decimals in the products 



/ 



94 



« B 
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Contracte4* 
^97-14986 
53014-29 



■PMM«b 



244348/4 

542997 

108599 

271^ 

14 

2508*9280 



Common way. 

27-14986 
92*41035 



•MmmAi 



13 

81 

2741 

}08599 

542997 

24434874 



57493Q 

44958 

986 

44 

2 



25Q8-928P | 650510 



S. Multiply 480«149S6 by 2*72416, ifetaining four decis 

|nals in the product. 

Ans. 1308*0037, 

31 Multiply 73*8429753 by 4*628754^ retaining five deci- 
mals \ti the product* Ans. 341*80097. 

4* Multiply ^^ZA^*^*t^ by 843*7Jf27, retaining only the in- 
tegers in the product. Ans. 7285699r 



l)IVISION QF DECIMALS 

RULE.* 

Divide as in whole numbers ; and to know how ihany de*- 
ciipals to point oiF in the quotient, observe the following 
rules. 



TT 



f The reason of pointing off as many decimal places in the 
fjuotient) as those in the dividend exceed those in the divisor, 
will easily appear ; for ^nce the number pf decimal places in 
the dividend is equal to those in the divisor and quotient^ taken 
together, by the nature of Multipiication ; it follows, that thp 
quoUent containcf as many i^ the dividend exceeds the divisor. 
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« 

!• There must be as many decimals in the dividend, a9 
in both the divisor and quotient ; therefore point off for 
decimals in the quotient so many figures, as the decimal 
places in the dividend exceed those in the divisor. 

2. If the figures in the (j^uotient are not so niany as the 
rule requires, suj^ly the defect by prefixing cyphers. 

3. If the decimal places in the divisor be more than those 
in the dividend, add cyphers as decimals to the dividend, 
till the number of decimals in the dividend be equal to those 
in the divisor, and the quotient will be integers till ^1^ these 
decimals are used. And, in case of a remainder, after all 
the figures of the dividend are used, and more figures are 
wanted in the quotient, annex cyphers to the remainder, to 
pontinue the division as far as necessary. 

4. The first figure of the quotient will possess the same 
place' of integers or decimals, as that figure of the dividend, 

which stands oyer the units place of the first product* 

I ■ I ■ 

- X 

EXAMPLES* 

1. Divide 3424*6056 by 43-6. 

43 •6)3424'6056(r 8*546 
3052 



3726 
3488 

2380 
2180 



2005 
1744 

2616 
2616 



X 4 



[ 
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2. Divide 3877875 by •675. Ans. 5745000. 

5. Divide •0081892 by ^347. Ansp ^0236. 

4. Divide 7»13 by -18. Aps. 39. 

CONTRACTIONS. 

I. If the divisor be an integer with any, number of cyphers 
at the end; cut them off, and remove the decimal point in 
the dividend so many placiss farther to the left, as there 
were cyphers cut off, pre&xing cyphers, if need be ; then 
piroceed as before. 

EXAMPLES. 

1. Divide 953 by 21000. gl-000) 

3>953 
7>31766 
•04538, &c. 
Here I first divide by 3, and then by 7, because 3 times 
7 is 21. 

2. Divide 41020 by 32000. Ans. 1*281875. 

Note. Hence, if the divisor be 1 with cjrphers, the quo- 
tient will be the same figures with the dividend, having the 
decimal point so many places farther to the left, as there are 
cyphers in the divisor. 

» 

EXAHPLE8. 

2l7*3-i-100=2*173. 419 by 10=41 -9. 

5^16 by 1000=*00516, *Zt by 1000=*00021. 

* * 

II. WTien the number of figures in the divisor is greaty the 
operation may be contracted^ md the necessary number of 
decimal places obtained* 
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RULE. 



1. Having, by the 4th general rule, found what place of 
decimals or integers the first figure of the quotient will pos- 
sess ; consider how many figures of the quotient will serve 
the present purpose ; then take the same number of figures 
on the left of the divisor, and as many of the dividend fig- 
ures as will contain them less than ten times ; by these find 
the first figure of the quotient. 

2. And for each following figure, divide the last remain- 
der by the divisor, wanting one figure to the right more than 
before, but observing what must be carried to the first pro- 
duct for such omitted figures, as in the contraction of Mul- 
tiplication ; and continue the operation till the divisor is ex- 
hausted. 

3. When there are not so many figures in the divisor, as 
are required to be in the quotient, begin the division with 
all the figures as usual, and continue it till the number of 
figures in the divisor and those remaining to be found in 
the quotient be equal ; after which use the contraction. , 



EXAMPLES. 



1. Divide 2508»928065051 by 92-41035, so as to have 
four decimals in the quotient. — In this case, the quotient 
will contain six figures. Hence 
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Contraction. 
92^4103,5)2508*928,06505i (2M49i 
• •••• 1848207 



660721 . 
646872 

13849 • • 
9241 

4608 • . • 
3696 

912 .. . 
832 



80 

74 

6 



Common Way. 
92-41035)2508*92806505i (27*1498 



, 1848207 



660721 
646872 



13848 
924 i 



4607 
3696 



911 
831 

79 
73 



06 
45 

615 

035 

5800 
4140 



16605 
69315 



472901 
928280 

544621 
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± Divide ?21'iy562 by 2'257433, so that the quotient 
jBljay contain three decimd&u Ans. St9*467* 

3. Divide 12'169825 by 3^14159^ no that the quotient 
ix^zy ccxitain five decimals- Acs. 3*87377'. 

4. Divide 87-076326 by 9-365407, and let the quotient 
contain seven decimals. Ans. 9*29?6559* 

REDUCTION Of DECllttALS- 

CASE 1. 

'To reduce a vulgar fraction to its equi^aknt decimaU 

RtLE.* 

Divide the numerator by the denominator, annexing ^ 
inany cyphers as are necessary ; and the quotient will be 
the decimal required. 

£1CAM1^L£S« 

1. Reduce /^ to a decimal. 

4)5*000000 

6)1*250000 

;^ •208333, &c. 

2. Required the equivalent decimal expressions for |, -I, 
and |. ^ -* " Ans. •25, *5, and •TS. 






^ l^et the vulgar fraction, whose decimal expression is re- 
quired, be -^* Now since every decimal fraction has 10, 100, 
lOOOf &c. for its denominator; and, if two fractions be equal, 
' it will be, as the denominator of one is to its numerator, so is 
the denominator of the other to its numerator; therefore 13 » 



f .. innn fi,^ 7xl000,&c. 7000, &C. .-«o^i. *t- 

7 : : 1000, &C.:-' — 2 ss 1-— ^s±s*53846, the nume- 

13 13 

rator of the decimal required ; and is the same as by the rule^ 

12 V . 
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3. What is the decimal of | ? ^ Ans. 'SYS* 

4» What is the decimal of -^j I Ans. •O^ 

5. What is the decimal of ^|y ? Ans. -01 5625. 

6. Express -^Y/^ decimally. Ans. •0715/7, &c. 

CASE 2. 

To reduce numbers of different denominations to their equiv' 

alent decimal values. 

RULE.* 

1. Write the given numbers perpendicularly under each 
other for dividends, proceeding orderly from the least to 
the greatest. 

2. Opposite to each dividend, on the left, place such a 
number for a divisor, as will bring it to the next superior 
name, and draw a line between them. 

3. Begin with the highest, and write the quotient of each 
division as decitnal parts, on the right of the dividend next 
below it ; and so on till they are all used, and the last quo- 
tient will be the decimal sought. 

EXAMPLES. 

Reduce 15s. 9|d. to the decimal 6i a pound. 



4 
12 
20 



3« 

9-75 
15-8125 



•790625 the decimal required. 



* The reason of the rule may be explained from the first 
example ; thus, three farthings are | of a penny, which brought 
to a()ecimalis *75 ; consequently 9|d. may be expressed 9'75d. 
but 9'75 is Uf of a penny =t?^ of a shilling, which brought 
to a decimal is *8125 ; and therefore 15s. 9|d. may be expres* 
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2. Reduce 9s. to the decimal of a pounjl* Ans. *45. > 

3. Reduce 19s. 5|d. to'the decimalbf a pound. 

Ans. •972916. 

4. Reduce lOoz. ISdwt. 16gr. to the decimal of a pound 
Troy. Ans. •911111, 8scc. 

5. Reduce 2qrs. 14lb. to the decimal of a cwt. 

Ans. -625, &c. 

6. Reduce 17yd. 1ft. 6in. to the decimal of a mile. 

Ans. •00994318, &c. 

7. Reduce 3qrs. 2nls. to the decimal of a yard. 

Ans. •875. 

8. Reduce IgaL of wine to*die depimal of a hhd. 

Ans. •015873. 

9. Reduce 3bu. Ipe. to the decimal of aquartef. 

Ans. •40625. 
}0. Reduce lOw. 2d9 to the decimal of a yeai*. ^ 

Ans. •1972602, &c 

CASE 3. 

To find the decimal of any number ofshillingSypence^ and 

farthings by inspection^ 

RULE.* 

Write half the greatest even number of shillings for the 
first decimal figure, and let the farthings in the given pence 

sed 15'8125s. ' In like manner 15'8125s. is Vw^nr^ of a shilling 
a^m^^g- of a pounds:, by bringing it to s^ decimal, '7900951. 
as by the rule. 

. * The inyentipn pf the rule is as follows ; as shillings are. so 
many 20ths of ^ pound, half of them mu9t be ^o many lOths, 
and consequently t^l^e the place of lOtbs in the decimal ; b])t . 
;when they are .odd, their half will always cpni^ist in two figures, 
the first of which will be half the even number^ next less, andv 
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and farthings possess the second and third places ; observ* 
ing to increase the second place by 5, if the shillings be odd ; 
and the third place by 1, when the farthings e}cceed 12 ; and 
by 2, when they e:](ceed 36* 

EXAMPLES. 

!• Find the decimal of I5s* 8^d. by inspection* 

7 c=^ of 14s. f 

S for the odd shilling* 
34 = farthings in 8|d* 
' 1 for the excess above 12* 

•785 = decimal required. 

2. Find by inspection the decimal expression of 16s. 4}d. 
and 13s. 10|d. Ans. *819 and •694. 

3. Value the following sums by inspection, and find their 
total, viz. 19s. ll|d« +6s. 2d. + i2s. 8|d. + Is. lO^d. + 
^ 4- l|d. Ans. 2-042 the totals 



■■^^^■BHaMi 



the second as 5 ; and this confirms the rule as far as it respects 

shillings. 

Again, farthings are so many 960ths of a pound ; and had it 

happened) that 1000, instead of 960, had made a poimd, it is 

plsdn any number of &rthings would have made so many thou« 

sandths, and might have taken their place in the decimal ac* 

cordingly* But 960, increased by ^^ part of itself^ is s= lOOO ; 

consequently any number of fiirthings, increased by their ^^ 

part, will be an exact decimal expression for them. Whence^ 

if the number of farthings be more than 1 2, a ^^^ part is greater 

than |) and therefore 1 must be added ; and when the number 

of farthings is more than 36^ a ^^ partis greater than 1^, for 

which 2 must be added ; and thus the rule is shown tdbe.rigltf; 
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CAS£ 4. 

^o find the value of any given decimal in terms of the integer* 

RULE. 

1. Multiply the decimal by the number of parts in the 
next less denomination, and cut off as many places for a re- 
maind^ on the right as there are places in the given deci- 
maL 

£• Multiply the remainder by the parts in the next infe- 
rior denomination, and cut off for a remainder as before. 

3. Proceed in this manner through all the parts of die in,- 
teger, and the ievetal denominations, standing on the left,^ 
make the^answer* 

EXAMPLES.' ^ 

1. Find the value of '37623 of a pound. 

20 



7*52460 
12 

6-29520 

4 



^ 1-18080 Ans. 7s. 6jd. 

2. What is the value of -625 of a shilling I Ans. 7|d. 

3. What is the value of •83229161. ? Ans. 16s. 7^d. 

4. What is the value of •6725cwt.? Ans. 2qrs. 19lb. 5oz. 
i. What is the value of t67 of a league ? 

Ans. 2mls. 3pls. 1yd. 3in. lb. c 
6. What is the value of *61 of a tun of wine f 

Ans. 2hhd» 27gaL 2qt. Ipt. 
7* What is the value of '461 of a chaldron of coals I 

Ans. 16bu. 2pe. 
8. What is the value of *42857 of a month i 

Ans. Iw. 4d. 23b. 59' 56". 
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4 

CASE 5. 

To find the value of any decimal of a potmd by inspection* 

RULE. 

Doable the first figure or place of tenths for shillings, and 
if the second be 5 or more than 5 reckon another shilling j 
then call the figures in the second and third places, after 5, 
if contained, is deducted, so many farthings; abating 1, 
lyhen they are above twelve j and 2, when above 36 ; and 
the result is the answer. 

BXAMFLISS. 

1. Find the value of •7851. by inspection. 

14s. = double 7. 
lis. for 5 in the place of tenths. 
8^ = 35 farthings. 
^ for the excess of 12, abated. 



15s. 8^d. the answer. 

2. Find the value of •8751. by inspection. Ans. 17s. 6d. 

3. Value the following decimals by inspection, and find 
their sum, viz. -927 + -3511 + •2031. + •0611. + 021. + 
•0091. Ans. 11. lis. 5id. 

FEDERAL MONEY.* 

The denominations of Federal Money ^ as determined by 
an Act of Congress, Aug. 8, 1786, are in a decimal r2LtLO ; 
and therefore may be properly introduced in this place. 

* The coins of federal money are two of gold, four of silver, 
and two of copper. The gold coins are called an eagle and 
half^agle ; the silver, a dollar ^ half-dollar ^ double-dimey unddifne / 
and the copper, a cent and half<ent. The standard for gold 



A cent 


IS 


•01 


A dime 


1 


•1 


A dollar ' 


, 


!• 


An eagle 




10- 
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> 

A mill, which is the lowest money of account, OOl of a 
dollar, which is the money unit. ' 

Or 10 mills = 1 cent. 

marked m. c> 

' 10 cents = 1 dime, d. 

10 dimes = 1 dollar, D. 

10 dollars = eagle^ ^E. 

and silver i^ eleven parts fine and one part alloy. The weight 
of fine gold in the eagle is 246 268 grains ; of fine silver in 
the dollar, 375*64 grains; of copper in 100 cents, 2ilb. Avoir- 
dupois. The fine gold in the half-eagle is half the weight of 
that in the eagle ; the fine silver in the half-dollar, half the 
weight of that in the dollar, Sec. The denominations less th^oi 
a dollar are expressive of their values : thus, mill k an ahbrevi- 
ation o£tntiley a thousand, for 1000 mills are equal to 1 dollar ; 
etnlj of centum^ a hundred, for 100 cents are equal to 1 dollar ; 
a dime is the French of lithef the tenth party for 10 dimes are 
equal to 1 dollar. 

The mint-price of uncoined gold, 1 1 parts being fine and 1 
part alloy, is 209 dollars, 7 dimes, and 7 cents per lb. Troy 
weight ; and the mint-price of uncoined silver, 11 parts being 
fine and 1 part alloy, is 9 dollars, 9 dimes, and 2 cents^ per lb. 

Trov. 

• ■ . - ■ ■ 

In Mr. 1*ike's " Complete System of Arithmcdc/Vmay be 
seen '< Rules for reducing the Federal Coin, and the Curren- 
cies of the several United States ; also English, Irish, Canada^ 
Nova Scotia, Livres Tournois, and Spanish milled dollars, 
each to the fiar of all the others." It may be sufficient here to 
observe respecting the currencies of the several States, that a 
dollar is equal to 6s. in New-England and Virginia ; 3s. in 
New-York and North-Carolina ; 7s. 6d. in New-Jersey, Penn- 
sylvania, Delaware, and Marylaind ; and 4s. 8d. in South-Car« 
•Una and Georgia. 

The English standard f6r gold is 22 carats of fine gold» an4 
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A number of dollars, as 754, may be read 754 dollarft, of 
75 eagles, 4 dollars ; and decimal parts of a dollar, as 'SSSf 
m^y be read 3 dimes, 6 cents, 5 mills, or 36 cents, $ millsi 
or 365 mills ; and others in a simHar manner. 

Addition^ Subtraction^ Multiplieation^2axA Division of kAf^ 
eral money are performed just as in decimal fractions ; and 
cohsequently with more ease than in any other kind of mo-' 
ney. 

EXAMPLES. 

1. Add 2 dollars, 4 dimes, 6 cents, 4D. 2d., 4d., 9C., lE. 

• i 

3D. 5c. fm., 3c. 9m., ID. 2d. 8c Im., and 2£. 4D« 7 A, 

8c. 2m. together. 

(2) 



£. D. 


d. c. m» 


E.D. 


d. c* m* 


2 ' 


> 4 6 


3 4 < 


> 1 2 3 


4 < 


• 2 


1 


•17 8 


4 


• 3 9 


7 8 ' 


•001 


1 3 


•057 


1 • 


• 7 


i 


►039 




' 3 2 


1 ' 


•281 

• 


6 1 * 


•789 


2 4 * 


►782 


6 ' 


3 4 1 


4 6 < 


3 9 Ans. 


^ 







(3) 




E.D, 


. d. 


end. 


3 O 


• 6 


7 1 


3 


• 1 


2 3 


4 


• 5 


6 7 


• 


• 


3 


70 


• 3 


8 


7 


• 1 


7 


8 


• 2 


3 1 




tf 





2 carats of copper, which is the same as 1 1 parts fine and 1 
part alloy. The English standard for diver is 18oz. 2dwt. of 
fine silver, and 18dwt. of copper ; so that the proportion of al« 
loy in their silver is less than in their gold. When either 
gold or silver Is finer or coarser than standard,, the variation 
from standard is estimated by carats and grains of a carat ib 
gold, and by penny-weights in silver. Alloy is used in gold 
and silver to harden them* 

NoTB.— Carat is not any certain weight or quantity, but ^^^^ of 
any weight or quantity ; and the minters and goldsmiths divide 
it into 4 equal parts, called graim of a carat. 
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(4) 


(«) 


. (6) 


£• D* d* c* ID* 


£• D* d* c* tn» 


D. d.e.m. 


From 3 2 • 1 7 8 


7 0*000 


2*652 


Subtract 1 r * 2 8 9 


7 • 8 1 3 


• 7 


Remain. 14*889 


« 


\ 



7. Multiply 3D. 4d. 5c« Im. by 1D« 2d» 3c. 2m. 

D. 

3'451 Note. The figures after 

•^ 1*232 or on the right of mills are 



6902 


Ei uji « miu. 


10353 


• 


6902 




3451 




4*251632=4*25l^^Vir ^ns. 




D. D, 

^ 8. Multiply 6.347 by 4*532. 


fi. 

Ans. 28*764604. 


D. D. 
9. Multiply 7l"012 by 3'703» 


Ans. 262*957436. 


D 

10. Multiply 806*222f by 9 


D. 
Ans. 72fi6. 


D. D. 
11. Divide 4'25J6S2 by 1*233. 


. 


1*232)4.251632(3*451 Answer. 


V 


3696 




5556 


* 


4928 




6283 


-* 


6160 




1232 
1^32 





13 






9S DECIMAL FRACTIONS. 

12. Divide 20D. by 2000. Ans. O-Ol. 

D. 
13,. Divide 72560, by 9. Ans. 806«222|. 
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CIRCULATING DECIMALS. 

It has already been observed, that when an infinite deci- 
mal repeats always one figure, it is a singk repetend; and 
when more than one, a compound repetend ; ako that a 
point is set over a single repetend, and a point over the first 
and last figures of a compound repetend. 

It may be farther observed, that when other decimal fig- 
ures precede a Vepetend in any number, it is called a mixed 

repetend: as •23, or •104123^ otherwise it is a />Mre, or 

• • • 

simple^ repetend: as •S and •123. ' 

Similar repetends begin at the same place : as •Z and •Qy 
or 1-341 and 2-156. 

Dissimilar repetends beg^n at different places : as ^253 and 
•4752. 

Conterminous repetends end at the same place : as *125 

and -OOQ. 

Similar and conterminous repetends begin and end at the 

• • • • 

same place : as 2-9104 and •0613. 
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REDUCTION OF CIRCULATING DECIMAlls. 

CASE !• 

To reduce a simple repetend to its equivalent vulgar fraction. 

RULE,* 

!• Make the given decimal the numerator, and let the 
denominator be a number, consisting of as many nines as 
there are recurring places in the repetend. 

2. If there be integral figures in the circulate, as many 
cyphers must be annexed to the numerator, as the highest 
place of the repetend is distant from the decimal poinf* 

EXAMPLES* 



• 9 



1. Required the least vulgar fractions equpl to *6 and -l^S. 

•6=1:^-4 ; and •is3=|||=7Vy Ans. 

2. Reduce •S to its equivalent vulgar fraction. Ans. -J. 



wrm 



•* If unity, with cyphers annexed, be divided by 9 ad infini- 
tUTfiy the quotient will be 1 continually ; i. e. if \ be reduced to 

a decimal) it will produce the circulate * 1.; and since *1 is the 

• • • 

decimal equivalent to ^^ *2 wills^|, *3=^|, and so on till *9ss| 

=1. 

Therefore every single repetend is equal tq a vulgar fraction) 

whose numerator is the repeadng figure and denominator 9. 

Again, ^, or ^f^, being reduced to deciinals, makes -OlOlOl, 

• • • • 

Sec. or '001001, hit. ad infinitumss'Ol or 001 ; that is, -^cs 
•• •• •• ■• 

•01, and T97="001; consequently^=-02, ^=-03, &c. an4 

• ' • • • 

^=5*002, ^aa 003, &c. and the same will hold universally. 
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/ 
3. ^R'l^duee 1*62 to its equivalent vulg^^r fractioti. 



Ans. VyV. 

4. Required the least vulgar fraction equal to •769230. . 

Ans. J|. 

J CASE % 

To reduce a mixed repetend to iU equivalent vulgar Jractioiu 

RULE.* 

1. To as many nines as there are figures in the repetend, 
anne± as many cyphers as there are 'finite places, for a de- 
nominator. 

2. Multiply the nines in the said denominator by the fi- 
nite part, and add the repeating decimal to the product, for 
the numerator. 

3. If the repetend begin in some integral place, the finite 
value of the circulating ps^rt inust be added to the finite 
part. 

EXAMPLES. 

1. What is the vulgar fraction equivalent to -138 ? 
9Xl3-f8=125= numerator, and s900= the d^npmiQa" 



tor; .-. •138=||^|-^-^ the answer. 



* In like manner for a mixed circulate ; consider it as divisi* 
ible into its finite and circulating parts, and the same principle 
"will be seen to run through them also : thus, the mixed circu- 

late *16 i^ divisible into the finite decimal *1, and the repetend 

^6 ; but *1 BB^9 and «C6 would be »|, provided the circulation 
began immediately aft^r the place of units ; but as it begins af« 
ter the place of tens, it is | of -^^^s-^, and so the vulgar frac* 

tion «='16 is-^+^=a:^+-jj^=||, and is the sapae as by the 
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2. What is the least vulgar fraction equivalent; to '53 i 

Ans* ^7. 

3. What is the least vulgar fraction equal to '5925 ? 

Ans. !{-• 

• • 

4* What is the least vulgar fractioft equal to '008497133 i 

Ans. T^*j. 

5. What is the finite number equivalent to 31*62 ?, 

Ans, 31||. 

CASE 3. 

To make any number of dissimilar repetends similar and- 

conterminous* 

RULE.* 

Change them into other repetends, which shall each con- 
sist of as many figures as the least common multiple of the 
several numbers of places, found in all the repetends, con* 
tains units. 

EXAMPLES. 

1. Dissimilar. Made similar and conterminous. 
9'814 '=: 9*8148148i 

1*5 = 1 •50000000 

8r*26 = 8r*26666666 

• • • 

•084 = •08333333 

124*69 = J24-O9C)909O9 

♦ Any given repetend whatever, whether single, compound, 
pure, or mixed, may be transformed into another repetend, that 
shall consist of an equal or greater number of figures at pleas- 

' • • • • • • 

ure^ thus * 4 may be transformed to '44, or*444, or *44, &c. 

.• • • •• ■• 

Also •57=»*5757a='5757=a'575 ; and SQ on ; which is too evi- 
dent to need any further demonstration. 
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• • ■ 

2* Make *3, *27 and K>45 similar and conterminous* 

3. Make '32 1, '8262, 05 and -OOOS similar and conter* 

minous, 

• • • • • 

4. Make •5217, 3-643 and IT* 123 similar and contermi- 
nous. 

CASE 4. 

To find -whether the decimal fraction^ equal to a given vulgar 
one^ he finite or infinite^ and of how many places the repe^ 
tend will consist. 

RULE,* 

1* Reduce the given fraction to its least terms, and di* 
vide the denominator by 2, 5, or 10, as often as possible* 

* In dividing I '0000, Sec. by any prime number whatever, 
/except 2 or 5, the figures in the quotient will begin to repeat 
as sootl as the remainder is 1. And since 9999, Sec. is less than 
10000, &c. by I, therefore 9999, 8^c. divided by any number 
whatever will leave for a remainder, when the repeating fig* 
ures are at their period. Now whatever number of repeating 
figures we have, when the dividend is 1, there will be exactly 
the same number, when the dividend is any other number 
whatever. For the product of any circulating number, by any 
•ther given number, will consist of the same number of repeat* 
ing figures as before. Thus, let '507650765076, &c. be a cir- 
culate, whose repeating part is 5076. Now every repetend 
(5076) being equally multiplied, must produce the same pro- 
duct. Fof though these products will consij^t of more placea^ 
yet the overplus in each, being alike, will be carried to the next» 
by which means each product will be equally increased, and 
consequently every four places will condnue alike. And th^ 
i^ma will hold hv any other number whatever. 
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I 

2. If the whole denominator vanish in dividing by 2, 5, 
«r 10, the decimal wiU be finite, and will consist of so many 
places, as you perform divisions. 

3. If it do not so vanish, divide 9999, &c. by the result, 
till nothing remain, and the number of 9s used will show the 
number of places in the repetend ; which will begin after so 
many places of figures, as there were 10s, 28, or 5s, used in 
dividing* 

EXAMPLES* 

1. Required to find whether the decimal equal to -jtiv 
be finite or infinite ; and if infinite, how many places the 
repetend will consist of. 

2 2 2 
t\VV=s|tV I S I 4 I 2 I 1; therefore the decimal is 
finite, and consists of 4 places. 

2. Let -^ be the fraction proposed. 
S. Let 7 be the fraction proposed. 

4. Let 7^7 ^ ^^ fraction proposed. 
5* Let 1-777 ^ ^^ fraction proposed. 

t 

ADDITION OF CIRCULATING DECIMALS. 

. RULE.* 

1. Make the repetends similar and conterminous, and 
find their sum as in common Addition. - 

Now hence it q^pears, that the dividend tnay be altered at 

pleasure, and the number of places in the repetend will still be 

• • • • 

the same: thus J^='09, and ^, or^x3=w2r, where the 

number of places in each is alike, . and the same will be true 

in all cases. 

* These rules are both evident from what has been said in 

redttcdon. 
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2. Divide this sum by as many nines as diere are places 
in the repetend, and ^he remainder is the repetend of the 
sum ; which must be set under the figures added, with cy* 
phers on the left, when it has not so many places as the re- 
petends« 

3« Carry the quotient of this division to the neztcolumA, 
and proceed with the rest as in finite decimals* 

y 

EXAMPLES. 



• • 



1. Let 3^6+r8-34r6+r«5-3+375+-2r+l8r-4 be added 
together. 

Dissimilar* Similar and conterminous* 

3-6 = 3*6666666 

78*34r6 = {r8*34764r6 

735*3 = 735*3333333 

375- ==: 375'0600006 

•27 «= 0*2727272 

187-4 = 187*4444444 



1380*0648193 the sum* 
In this question, the sum of the repetends is 2648191, 
which, divided by 999999, gives 2 to carry, andthe remain- 
der is 648193. 

2* Let 5391*357+72*38+l87*2i+4*2965+21 7-8496+ 

42*1 76+*523+58*30048 be added together* 

Ans. 5974*10371* 

3* Add 9*814+l*5+87*26+*083+124*69 together* 

Ans* 222-75572396. 
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4. Add 162+134-09+2-93+9r-26+3'r69230+99'083+ 
i'5+-814 together, Ans. 501 -62651077. 

SUBTRACTION OF CIRCULATING DECIMALS, 

RULE. 

Make the repetends similar and conterminous, and sub- 
tract as usual ; observing, that, if the repetend of the subtra- 
hend be greater than the repetend of the minuend, then the 
figure of the remainder on the right must be less by unityf 
than it would be, if the expressions were finite* 

EXAMPLESf. 

1. From 85-62 take 13-76432. 

85*62 = 85-62626 
13*76432 = 13*76432 



71*86193 the difference. 

2. From 476*32 take 84*7697. Ans. 391^524. 

• • • • • « 

3. From 3*8564 take 0382. Am. 3*81. 

MULTlPLICATiON OF CIRCULATING DECIMALS. 

BULB. 

1. Turn both the ternis into their e<{uivalent vulgar frac- 
tions, and find the product of those fractions as usual. 

2. Turn the vulgar fraction, expressing the product, into 

an equivalent decimal, and it will be the product required^ 

14 
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XXAMPLES^ 



WW m 

1. Multiply -36 by -25. 



• QA — 3« — 4 
*OiBf — S3 



• • 



TiXfT=AV=*0^29 the product. 

• • •• 

2. Multiply 37*23 by •26. Ans. 9'9^8. 

• •' • • 

3. Multiply 8574*3 by 87*5. Ans. 750730-518. 

4. Multiply 3*973 by 8. Ans. 31*791. 

■ # • • 

$. Multiply 49640*54 by •70503, Ans. 34998*4199003. 

■ • • • «. • 

6. Multiply 3*145 by 4-297. Ans. 13*5169533. 

■* 
DIVISION OF CIRCULATING DECIMALS. 

RULE. 

1. Change both the divisor and dividend into their equiv- 
alent vulgar fractions, and find their quotient as usuaL 

2. Turn the vulgar fraction, expressing the quotient, into 
its equivalent decimal, and it will be the quotient required. 

EXAjBiJPLES. 

1. Divide '36 by -25. 

• <2A 3 6 4 

^4^-;-|3=^*^X|^=|f|^=l|J|=l -422924901 1 857707509881 
the quotient. 

2. Divide 319*28007112 by 764*5. Ans. '4176325^ 

3. Divide 234*6 by -7. Ans. 301*714285. 

4. Divide 13*5169533 by 4*297. Ans. 3*145. 
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PROPORTION IN GENERAL. 
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UMBERS are compared together to discover the 
jrelations they have to each other. 

lliere must be two numbers to form a comparison ; the 
number, which is compared, being written first, is called the 
antecedent; and that, to which it is compa;red, the conseqitent. 
Thus of these numbers, 2 : 4 : : 3 '. 6, 2 and 3 are called the 
antecedents ; and 4 and 6, the consequents. 

Numbers are compared to each other two different ways ; 
^ne comparison considers the cRfference of the two numbers, 
and is called arithmetical relation^ the difference being some- 
tinies named the arithmetical ratio ; and the other consid- 
ers their quotient, and is termed geometrical relation^ and the 
quotient the geometrical ratio. So of these numbers 6 and 
3, the difference or arithmetical ratio i$ 6 — 3 or 3 j and the 
geometrical ratio is -I or 2. 

If two or more couplets of numbers have equal ratios, or 
differences, the equality is nzmed proportion; and their 
terms similarly posited, that is, either all the greater, or all 
th6 less, taken as antecedents, and the rest as consequents, 
are called proportionah* So the two couplets 2, 4, and 6, 8, 
taken thus, 2, 4, 6, 8, or thus 4, 2, 8, 6, are arithmetical 
proportionals ; and the couplets 2, 4, and 8, 16, taken thus^ 
2, 4, 8, 16, or thus, 4, 2, 16, 8, are geometrical proportionr 
als.* 



TT^ 



* In geometrical propordonals a colon is placed between the 
terms of each couplet/and a double colon between the couplets ; 
in arithmetical propordonals a colon may be turned horizontal- 
ly between the terms of each couplet) and two colons writtep 
between the couplets. Thus the above geometrical propor- 
tionals are written thus, 2 : 4 : : 3 : 16, and 4 : 3 : : 16 : 8 ^ 
Jhe arithmetical, 2 •• 4 .:: 6 •• 9, and 4 •• 2 : : 3 •• 6. 



I0» PROPORTION. 

Proportion is distinguished into continued and discontm^ 
ued. If, of St vera! couplets of proportionals written in a 
/series, die difference or ratio pf each consequent and the an- 
tecedent of the next following couplet be the same as the 
common difference or ratio of the couplets, the proportion 
is said to be continued, and the numbers themselves a senes 
of continued arithmetical or geometrical proportionah. So 
2, 4, 6, 8, form an arithmetical progression ; for 4—2=6— 
4=8 — 6=2 ; and 2, 4^ 8, 16, a geometrical progi^ession ; 
for 1=1= V =2. 

But if the difference or ratio of the consequent of one 
couplet and the antecedent of the next couplet be not the 
same as the common difference or ratio of the couplets, the 
proportion is said to be discontinued. So 4, 2, 8, 6, are in 
discontinued arithmetical proportion; for 4-— 2=8 — S=2, 
but 8 — ^2=6 ; also 4, 2, 16, 8, are in discontinued geometri-- 
col proportion ; for|— y=2, but *^=8. 

Four numbers are directly proportional, when the ratio 
pf the first to the second is the same, as th^t of the third to 
the fourth. As 2 : 4 : : 3 : 6* Four numbers are said to 
be reciprocally, or inversely proportional, when the first is 
to the second, as the fourth is to the third, and vice versa. 
Thus, 2, 6y 9, and 3, are reciprocal proportionals ; 2:6:: 
8:9. 

Three or four numbers are said tO be in harmonical 
proportion, When, in the former case, the difference of the 
first and second is to the difference of the second and third, 
as the fir^t is to the third ; and, in the latter, when the 
difference of the first and second is to the difference of the 
ihird and fourth, as the first is to the fourth* Thus, 2, 3, 
and 6 ; and 3, 4, 6, and 9, are hairmonical proportionals ; 
for 3-p-2=l : 6-^=3 ; : 2 : 6 ; and 4—*3=:l : 9—6=3 : : 
f:9. 
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Of four arithmetical proportionals the sum of the ex- 
tremes is equal to the sum of the means.* Thus of 2 • • 4 
: : 6 •• 8 the sum of the extremes (2+8)= the sum of the 
means (4+6)=10» Therefore, of three arithmetical pro- 
portionals, the supi of the extremes is double the mean. 

Of four geometrical proportionals, the product of the ex- 
tremes is equal to the product of the means, f Thus, of 2 : 
4 : : 8 : 16, the product of the extremes (2X16) is equal to 
the product of the means (4x8)=32. Therefore of three 
geometrical proportionals, the product of the extremes is 
equal to the square of the mean. 

Hence it is easily seen, that either extreme of four geo- 
metrical proportionals is equal to the product of the means 
divided by the other extreme ; and that either mean is 
equal to the product of the extremes divided by the other 
mean. 



* Demonstration. Let the four arithmetical proportionals 
be Jiy By C, Dy viz. A'Bii C* D ; then, A—B^C—Dy and 
B+D being added to both sides of the equation, A — B-{-B-{* 
D=C — D+B+D ; that is, A+D the sum of the extremei^ 
?=C-fjB the sum of the means.— And three ^, By C, may be 
thus expressed, ./f •• B i: B** C; therefore wf+Cs=:j9-}-i9s=:2j9, 

Q. E. D. 

t Demomstratiok. Let the proportion h^ A i B \i C i Dy 

and let -=-a=: r ; then A^Br, and CssDr ; multiply the for- 

mer of these equations by Dy and the latter by Bi then AD:=z 
BrDy and CBssDrBy and consequently AD the product of the 
fsxtremes is equal to ^C the product of the means^^^And thre^ 
may be thus expressed, A i B n B t Cy therefore ACssBxB 
==B?. Q. E. p. 
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SIMPLE PROPORTION, or RULE OF THREE. 

The Rule of Three is that, by which a number is found, 
having to a given number the same ratio, which is between 
two other given numbers. For this reason it is sometimes 
named the Rule of Proportion. 

It is called the Rule of Three^ because in e?ich of its ques^- 
tlons there are given three numbers at least. And because 
qf its excellent anc} extensive use, it is often named the Gold- 
en Rule* 

1. Write the number, which is of the same kind with the 
answer or number required. 

♦ Demonstration. The following observations taken col- 
lectively, form a demonstration of the rule, and of the reduc- 
tions mentioned in the notes subsequent to it. 

1 . There can be comparison or ratio between two numbers, 
•nly when they are considered abstractly, or as applied to things 
of the same kind, so that one can, in a proper sense, be contain- 
ed in the other. Thus there can be no comparison between 2 
men and 4 days ; but there may be between 2 and 4, and be- 
tween 2 days and 4 days, or 2 men and 4 men. Therefore, the 
2 of the 3 given numbers, that are of the same kind, that is, 
the first and the third, when they are stated according to the 
rule, are to be compared together, and their ratio is equal to 
that, required between the rpmaiping or second number and 
the fourth or answer. 

2. Though number? of thp ^ame kjnd, basing either of the 
same or of different denominations, have a real ratio, yet this 
ratio is the same as that of the two numbers taken abstractly, 
only when they are of the same denomination. Thus the ra- 
tio of 11. to 21. is the same as that of 1 to 2 =| ; Is. has a rea} 
ratio to 21. but it is ngt the ratio of 1 to 2 ; it is the ratio of (§. 
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2. Consider whether the answer ought to be greater or 
less than this number ; if greater, wi'ite the greater of the 



to 40s. that is, of 1 to 40 =^^. Therefore) as the first and 
third numbers have the ratio, that is required between the se- 
cond and answer, they must, if not of the same denomination, 
be reduced to it ; and then their ratio is that of the abstract 
numbers. 

3. The product of the extremes 'of four geometrical propor- 
tionals is equal to the product of the means ; hence, if the pro- 
duct of two numbers be equal to the product of two other num- 
bers, the four numbers are proportipwais ; and if the product of 
two numbers be divided by a t)!lrd, the quotient will be a fourth 
proportional to those three numbers. Now as the question is 
resolvable into this, viz. to find a number of the same kind as 
the second in the statement, and having the same ratio to it, 
that the greater of the other two has to the less, or the less has 
to the greater ; and as these two, being of the same denomina- 
tion, may be considered as abstract numbers. ; it plainly follows, 
that the fourth number or answer is truly found by multiplying 
the second by one of the other two, and dividing the product 
by that which remains* 

4. It is very evident, that, if the answer must be greater than 
the second number, the greater of the other two numbers must 
be the multiplier, and may occupy the third place ; but, if less, 
the less number must be the muhiplier. 

5. The reduction of the second number is only performed 
for convenience in the subsequent multiplication and division^ 
and not to produce an abstract number. The reason of the re** 
duction of the quotient, of the remainder after division, and of 
the product of the second and third terms, when it cannot be 

' divided by the first is obvious. 

6. If the second and third numbei^ be multiplied together, 
and the product be divided by the first ; it is evident, that the 
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two remaining numbers on the right of it for the third, and 
the other on the left for the first number or term ; but if less 

answer remains the same, whether the number compared with 
the first be in the second or third place. 

Thus is the proposed demonstration completed. 

There are four other methods of operation beside the gene- 
ral one given above, any of which, when applicable, performs 
the work much more concisely. They are these : 

1. Divide the second term by the first, multiply tht quotient 
i>y the third, and the product will be the answer. 

2. Divide the third term by the first, multiply the quotient 
by the second, and the product will be the answer. 

3. Divide the* first term by the second, divide the third by 
the quotient, and the last quotient will be the answer. 

4. Divide the first term by the third, divide the second by 
the quotient, and the last quotient will be the^answer. 

The general rule above given is equivalent to those, which 
are usually given in the direct and inverse rules of three, and 
which are here subjoined. 

The RULE OF THREK DIRECT teaches, by having three num- 
bers given, to find a fourth, that shall have the same proportion 
to the third, as the second has to the first. 

RULE. 

1. State the question ; that is, place the numbers so, that 
the first and third may be the terms of supposition and demand, 
the second of the same kind with the answer required. 

2. Bring the first and third numbers into the same de- 
nomination, and the second into the lowest name mentioned. 

3. Multiply the second and third numbers together, an^ di-* 
vide the product by the first, and the quotient will be the answer 
to the question, in the same denomination you left the second 
number in ; which may be brought into any other denomina- 
tion required. 
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write the less of the two remaining numbers in the third 
place, and the other in the first. 



EXAMPLE. 

If 34lb. of raisins cost 6s« 6d. what will 18 frails cost, each 
weighing net 3qrs. 181b. ? 

341b. : 6s« 6d. : : 18 frails, each 3qrs. 18lb. : 
.13 28 

78 102 

18 

816 
102 

. 1836 
78 



14688 

* ' 12852 

13) 

24)143208 ( 5967 

232 

160 2,0)49,7 3 

168 

Ans,24l. 17s.3d. ^^.24 17 3 

The rule is founded on this obvious principle, that the mag* 
nilude or quantity of any effect varies constantly in proportion 
to the varying part of the cause : thus the quantity of goods 
bought is in proportion to the money laid out ; the space gone 
over by an uniform motion is in proportion to the time, &c. 
The truth of the rule, as applied to ordinary inquiries, may be 
made very evident by attending only to the principles of Com- 
pound Multiplicadon and Division. It is shown in Muldplica* 
tion of money, that the price of one, multiplied by the quanti* 
ty, ia the price of the whole ; and in Division, thi^ the price of * 

15 
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3. Multiply the second and third terms together, divide' 
the product by the first, and the quotient will be the answer. 



the whole; divided by the quantity is the price of one. Now, 
in all cases of valuing goods, &c. where one is the first term of 
the proportion, it is plain, that the answer, found by this rule, 
will be the same as that found by Multiplication of money ;: and 
where one is the last terra of the proportion, it will be the same 
as that found by the Division of money. In like manner, if the 
first term be any number whatever, it is plain, that the product 
of the second and third terms will be greater than the true an- 
swer required by as much as the price in the second term ex- 
ceeds the price of one, or as the first term exceeds an unit. 
Consequently this product divided by the first term will give 
the true answer required, and is the rule. , 

There will sometimes be difficulty in separating the parts of 
complicated questions, where two or more statings are requir- 
ed, and in preparing the questions for stating, or after a pro- 
portion is wrought ; but as there can be no general directioBs 
given for tlie management of these cases, it must be left to the 
judgment and experience of the learner. 

The RULE OF THREE INVERSE tcachcs, by having three 
numbers given to find a fourth, that shall have the same pro- 
portion to the second, as the first has to the third. 

If more require morcy or less require lessy the question be- 
longs to the Rule of Three Direct. 

But if more require les9, or less require morcy it belongs to 
the Rule of Three Inverse. 

Note. The meaning of these phrases, " if Tnore require moref 
less require /e**," &c. is to be understood thus : more requires 
7nore, when the third term is greater than the first, and requires 
the fourth to be greater than the second ; more requires lessy 
when O.te third term is greater than the first, and requires th« 
fourth to be less than the second t ^f** requires more^ whea the 
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Note !• It is sometimes most convenient to multiply 
and divide as in Compound Multiplication and Division ; 



third term is less than the first, and requires the fourth to be 
greater than the second ; and less requires lessy when the third 
term is less than the first, and requires the fo^ith to be less than 
the second. 

RULE. 

1 . State and reduce the terms as in the loile of three direct. 

2. Multiply the first and second terms together, and divide 
their product by the third, and the quotient is the answer to the 
question, in the same denomination you left the second number 
in. 

I'he method of proof, whether, the proportion be direct or 
inverse, is by inverting the question. 

EXAMFLl^. 

What quantity of shalloon, that is three quarters of a yard 
wide, will line 7| yards of cloih, that is 1^ yard wide ? 
1yd. 2qrs. : 7yds. 2qrs. : : 3qrs. : 
4 4 



30 
6 



3)180 
4)60 



15 yards, the answer. 
The reason of tlus rule maybe explained from the principles 
of Compound Multiplication and Division, in the same manner 
as the direct rule. For examfile ; If 6 men can do a piece of 

work in 10 days, in how many days will 12 meti do it \ 

fi y lo 

As 6 tficn : 10 daya : : 12 mmi ==5 days^ the answer* 

13 ' ' . 
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and sometimes it is expedient to multiply and diiade ac- 

t , 

cording to the rules of vulgar or decimal fractions. But 
when neidier of these modes is adopted, reduce the com- 
pound terms, each to the lowest denomination mentioned in 
it, and the first and third to the same denomination ; then 
trill the answer be of the same denomination with the second^ 
term. And the answer may afterward be brought to any 
denomination required. 

Note 2. When there is a remainder after division, re- 
duce it to the denomination next below the last quotient, 
and divide by the same divisor, so shall the quotient be so 
many of the said next denomination ; proceed thus, as long 
as there is any remainder, till it is reduced to the lowest de- 
nomination, and all the quotients together will be the answer. 
And when the product of the second and third terms cannot 
be divided by the first, consider that product as a remain- 
der after division, and proceed to reduce and divide it in 
the same manner. 

Note 3. If the first term and either the second or third 
can be divided by any number without a remainder, kt 
them be divided, and the quotient used instead of them. 

Direct and inverse proportion are properly only parts of 
the same general rule, and are both included in the preced- 
ing. 

Two or more statings are sonietimes necessary, which 
may always be known from the nature of the question. 

The method of proof is by inverting the question. 



Apd here the product of the first atid second terms, that is, 6 
times 10, or 60, is evidently the timC) in which one man Would 
perform the work ; therefore 12 men wiU do it in oi^e twelfil^ 
par^of that time, or 5 days; and this reasoning Is apj^lieaUe t» 
any other instance whatever. 
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EXAMPLES* 

^ 1. Let it be proposed to find the value of 14oz. 8dwt» of 
gold, at 31. 19s* lid* an ounce. 

oz* ^. s« d. oz* dwt. 

^ 1 : 3 19 11 : : 14 8 : 
20 20 20 

288 



20 


79 


■ 


12 




959 




288 



7672 
7672 
1918 

2,0)27619,2 

13809^f pence, or 

12)l3809d. 2,Vq- 
2,0) 11 5,0s. 9d. 2,Vq' 
Ans. 571. 10s. 9d. 2jV4- 

Explanation. The three terms being stated by the gen- 
eral rule, as above, the second Vstf^ is reduced to pence, 
and the third to penny-weights, these being their lowest 
denominations, as directed in the first note. The first term 
isvalso reduced to dwts. that it may agree with the third, by 
the same note. The second term is then multiplied by th& 
third, and the product divided by the first, according to the 
general rule, when the answer comes out 13809 pence, and 
12 remaining ; which remainder being reduced to farthings, 
and these divided by the same^ divisor 20, by the second 
note, the quotient is 2 farthings, 8 remaining. Lasdy, the 
pence are divided by 12, to reduce them to shillings, and 
these again by 20 Tor pounds ; when die final sum comes 
out 57L 10s. 9d. 2q* for the answer. 
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2. How much of that in length which is 4^^ inches broad, 
will make a square foot ? 

I 

Breadth. Length. Breadth. 
4 -5 : 12 ; : 12 : 

12 

^— — in. 
4*5)l440(32=2f. 8in. the answer. 

135 



90 
90 



3. At lO^d. per lb. what is the value of a firkin of butter, 
containing 56lb. ? 

lb* d. q. lb. 

1 : 10 2 : : 56 ; 
56=8xr 8 









7 

1 




. 7 






jC2 


9 


the answer. 


• 










Or thus: 




lb. 




d. 


d. 


lb. 




i 


• 
• 

V 


10J= 

xv=' 
lb. 


t- 1^ 


• • • -J- • 
=588d.=49s.=2l. 

Or thus : 
d. lb. 


9s. as before* 






1 


• 
• 


10 -5 : : 56 : 
10-5 

280 
560 






12)588-0 
2,0)4,9 

£2 9 as 


before* 
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4. If 4 of a yard cost ^y of a pound, what will -/^ of an 
English ell cost ? 

First I of a yard = i of 4 of 4=i^il^=i| of an ell. 
Then ^| ell : -^^nl. : : -/^ ell : 

2 3 

=9s. 8d. f the answer* 

$. If 4 of a yard cost f of a pound, what will ^ of an 
English ell cost i 

I = •STS 

I = -41. 

iell=^Vyd.= -3125 
•sysyd. : -41. :: •3125yd, : 
•3125 , 

•37'5)^12500(*333, &c.=63. 8d. the answer. 
1125 

1250 
1125 

1250 
1125 

125 

6. What is the value of a cwt. of sugar at 5|d. per lb. ? 

Ans. 2l. lis. 4d. 

7. What is the value of a chaldron of coals at 11 -|d. per 
bushel ? Ans. ll. 14s. Gd. 

8. What is the Value of a pipe of wine at 10|d. per pint? 

Ans. 441. i2s. 

9. At 31. 9s. per cwt- what iathe value of a pack of wool, 
weighing 2c wt. 2<irs. 13lb. Ans. 91. 6d. ^^^ 
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la What is the value of l|cwt. of coffee at 5^d. per 
oiince i Ans* 6lL 12s. 

11. Bought 3 casks of raisins, each weighing 2cwt« 2qrs. 
25lb. what wiH they come to at 2L Is. 8d. per cwt. ? 

Ans, 171. 4|d. fW* 

12. What is the value of 2qrs. Inl. of velvet at 19s. 8^d. 
per English ell ? Ans. 8s. 10|d. |^ 

13. Bought 12^pocketsof hops, each weighing Icwt. 2qrs« 
17lb. ; what do they come to at 41. Is. 4d. per cwt. ? ■ 

Ans. 801. 12s. l|d. -^Vf 

14» What is the tax upon 7451. 14s. 8d. at 3s. 6d. in the 

pound? ' Ans. 1301. 10s. 0|d. ,\^. 

15. If f of a yard of velvet cost 7s. 3d. how many yards 
can I buy for 13l. 15s. 6d. ? Ans. 28| yards. 

16. If an ingot of gold^ weighing 9lb. 9oz. 12dwt. be 
worth 4111. 12s. what is that per grain ^ Ans. l|d. 

17. How many quarters of com can I buy for 140 dol- 
lars at 4a. per bushel ? Ans. 26qrs. 2bu» 

18. Bought 4 bales of cloth, each containing 6 pieces, and 
each piece 27 yards, at 161. 4s. per piece y what is the value 
of the whole, and the rate per yard ? 

Ans. 3881. 16s. at 12s. per yard* 

19. If an ounce of silver be worth 5s. 6d. what is the 
price oT a tankard, that weighs lib. lOoz. lOdwt. 4gr. ? 

Ans. 61. 3s. 9|d. :rVV. 

20. What is the half year's rent of 547 acres of land at 

15s. 6d. per acre i 

Ans. 2111. 19s. 3d. 

2U At 1*75D. per week, how many months' board can I 

have for lOCd. ? Ans. 47m. 2w ^^y. 

22. Bought 1000 Flemish ells of cloth for 90l. how must 

I seU it per ell in Boston to gain lOl. by the whole? 

Ans. 3s. 4d* 

, 23. Suppose a gentleman's income is 1750 dollars a year, 
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and he spendfli 19s« 7d* per day, one day with another, how 
much will he have saved at the year's end i 

Ans. letl. 128. Id. 

^. What is the value of 172 pigs of lead, each weighing 
3cwt. 2qrs. 17^1b« at 81. 17s. 6d. per fother of IQ^cwt. ? 

Ans. 2861. 4s. 44d. 

25. The rents of a whole parish amount to 17501. and a 
rate is granted of 321. 16s. 6d. what is that in the pound ? 

Ans. 4id. t^iih' 

26. If keeping for my hoVse be 1 l^d. per day, what will 
be the chai-ge of 1 1 horses for the year ? 

Ans. 1921. 7s. 8jd» 

if. A person breaking owes in all 1490L 5s. lOd. and has 
in money, |;oods, and ^Recoverable debts, 7841. 178. 4d. if 
these things be delivered tp his creditors, what will they get 
in the pound ? Ans. 10s. 6|d« iirir* 

28. What must 4ds. pay toward a tax, when 6521. 1 3s. 4d. 
is assessed at 831. 128. 4d. i Ans. 5s. l^d. 4tttI- 

29* Bought 3 tuns of oil for 1 All. 14s. 85 gallons of which 
being damaged, I desire to know how I may sell the remain- 
der per gallon, so as neither to gain nor lose by the bargain i 

Ans. 4s. G^d. ^Yy. 

30. What quantity of water must I add to a pipe of 
mountain wine, valued at 83l. to reduce the first cost to 4s. 
6d. per gallon ? Ans. 20| gallons. 

31. If 15 ells of stuff, I yard wide, cost 378* 6d. what wiQ 
40 ells of the same stuff cost, being yard wide i 

Ans. 61. 13s. 4d- 

32. Shipped for Barbadoes 500 pairs of stockings at 3s. 
6d. per pair, and 1650 yards of baize at Is. 3d. per yard, 
and have received in return 348 gallons of rum at 6s. 8d. 

16 
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per gallon, and 750lb. of indigo at Is. 4d. per lb; what re-« 
mains due upon my adventure ? Ans. 24U 12s« &dh 

33. If lOG workmen can finish a piece of work in 12 days, 
how many are sufficient to do the same in 3 days ? 

Ans«400meA. 

34. How many yards of matting, 2ft. 6in. broad, wilLcov^ 
er a floor, that is 27ft. long, and 2Uft. broad i 

Ans. 72 yards. 

35. How mstny yards of cloth, 3qrs. wide, are equal in 
measure to 30 yards, 5qrs. wide ? Ans. 50 yards. 

36. A borrowed of his friend B 2501. for 7 months, prom- 
ising to do him the like kindness ; sometime after B had oc- 
casion for 3001. how long may he keep it to receive full a- 
mends for the favor i " 

Ans. 5 months and 25 days. 

37. If, when the price of a bushel of wheat is 6s. 3d. the 
penny loaf weigh 9oz. what ought it to weigh when wheat 
is^ at 8s. 2|d. per bushel ? Ans. 6oz. 13dF. 

38. If 4|cwt. may be carried 36 miles for 35 shillings, 
how many pounds can I have carried 20 miles for the same 
money I Ans. 907lb. ^V 

39. How many yards of canvass, that is ell wide, will line 
20 yards of say, that is 3qrs. wide ? Ans. 12yds. 

40. If 30 men can perform a piece of work in 11 days, 
how many men will accomplish another piece of work, 4 
times as big, in a fifth part of the time i Ans. 600. 

41 . A wall, that is to be built to the height of 27 feet, was 
raised 9 feet by 12 men in 6 days ; how many men must be 
employed to finish the wall in 4 days at the same rate of 
working ? Ans. 36. 

42. If ^oz. cost 4 Jl. what will loz. cost ? 

Ans. IL 5s. 8d* 
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43. If fV of a ship cost 2^3L 2s. 6d* what is /^ of her 
rworth? Ans. 2271. 12s. Id. 

44. At 1|1. per cwt. what does 3^1b.come to ? 

Ans. lO^-d. 

45. If -| of a gallon cost f 1. what will f of a tun cost i 

Aaa. 1401. 

46. A person, having <| of a coal mine, seUs | of his share 
{for 17 iL what is the whole mine worth ? 

Ans. 3301. 

47. If, when the days are 13f hours long, a traveller per* 
form his journey in 35^ days ; in how many days will he 
perform the s^me JQurney, when the days are lliV hours 
long I Ans. 40||| daysi* 

48. A regiment of soldiers, consisting of 976 men, arc to 
be new clothed, each coat to contain 2^ yards of cloth, that 
is Ifyd. wide, and to be lined with shalloon, -^yd. wide ; how 
many yards of shalloon will line them i 

Ans. 4531yds* Iqr. 24-nL 



PRACTICE- 

Pr ACTIO B is a contraction of the Rule of Three, when the 
<first term happens to be an unit, or one ; and has its name 
from its daily use among merchants and tradesmen, being an 
easy and concise method of working most qjuestions, that oc- 
cur in trade and business. 

The method of proof is by fhe Rvde of Three. 

An aliquot part of any number is such a part of it, as, be- 
ing taken a certain number of time39 -exactly makes that 
jDumber^ 






\U PRACTICE. 

« 

GENERAL RULE.* 

1. Suppose the price of the given quantity tobe IL ls«^cr 
1(L as is most convenient ; then will the quantity itself be 
the answer, at the supposed price. 

2. Divide the given price into aliquot parts, either of the 
supposed price, or of one another, and the sum of the quor 
tients, belonging to esich, will be the true answer required. 

Note 1. When there is any fractional part, or inferior de- 
nomination of the quantity, take the same part of the price, 
that the given fraction, or inferior denomination, is of the 
unit, of which the price is given, and add it to the price of 
the whole number* 

Note .2. The rule of Practice i^ nearly superseded by the 
use of Federal Money. 

SXAMPLIC. 

What i^ the value of ^26 yards of cloth at 3s. 10|d. per 

yard ? 

5261. Ahs. at ll. 



3s. 4d« is I =s 87 13 4 do. at O 3s. 4d. 
^p isy\fss 8 15 4 do. at 4 

2d. is ^ 3s 4 7 8 do. at 2 

^d. is I :±: O 10 11^ do. at 0^ 

101 7 3| do. at 3 lOjthefulIprice. 

Ans. lOlL 7s. 3^d. 

* The rule will be rendered very evident by an explanation of 
the example. In this example it is plain^ that the quantity 52Q 
is the ansyer at 11. consequently, as Ss. 4d. is the | of 11. ^ of 
that quantity, or 871. Ids. 4d. is the price at S^. 4d. Ip like 
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By Federal Money. 

At 2 0-6423 per yard* 
,526 

38538 
1^846 
32115 



8 337*8498 Answer. 

2. 8cwt« 2qrs. 16lb. at 2L 58. 6d. 

8 





18 4 


2qrs. is \ 


12 9 


14lb. is I 


5 8| 


21b. is 1 


9| 



191. 13s. 3d. the answer. 

3. 5275 yards at 2d. Ans. 431. 19s. 2d. 

4. 1776 yards at 3d. Ans. 221. 48. 

5. 273^ at 2s. 6d. Ans. 34L 3s. l|d. 

6. 937| at 31. 17s. 8d. Ans. 3640L 12s. 6d. 



manner, as 4d. is -^ of 3s. 4d. so -^ of 871. 13s. 4d. or 81. 15s. 
4d. is the answer at 4d. And by reasoning in this way 41. 7s. 
8d. will be shown to be the price at 2d. and 10s. 1 l-^d. the price 
at \. — ^Now as the sum of all these parts is equal to the whole 
price (38. 40^.) so the sum of the answers, belonging to each 
price, will be the answer at the full price required. And the 
same will be true in any example whatever. 



1^ TARE AND TRETf. 

TABE AND TRETT. 

Tare and Trett are practical rides for deducting cer- 
tain allowances, which are made by merchants and trades- 
men in selling their goods by weight. 

Tare is an allowance, made to the buyer, for the weight 
of the box, barrel, or bag, &c. wliich contains the goods 
bought, and is either at so- much per box, &c. at so much 
per cwt. or at so much in the gross weight, 

Trett is an allowance of 4lb. in every 104Ib. for wa^te^ 
dust, &c. 

Clq^ is an allow^ice of 2lb« upon every 3cwt« 

Gross weight is the whole weight of any sort of goods, to»- 
^ether with the box, barrel, or bag, &c« that contains them. 

Suttle is the weight, when part of the allowance is deducts 
ed from the gross* 

^et xveight is what remains after all allowances are made. 

CASE 1. 

JiFhen the tare is a certain weight per box^ barrel^ or bagy ^c. 

IIULE.* 

Multiply the number of boxes,or barrels, &c. by the tare, 
and subtract the product from the gross, and the remainder 
IS the net weight required. 



V 



* It is manifest, that this, as well as «very other case in this 
rale> is only an.appQcati(m of the rules of Proportion and PraCf 
ticie. 
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£XAMPL]SS* 

t. In 7 frailai of raisins, each weighing 5cwt. Sqrs. 5lb« 
gross, tare 23lb. per frail, how much net ? 

23x7=lcwt. Iqr. 211b. 

cwt. qrs. lb* 

5 2 5 

f 

r 



38 3 7 gross. 
1 1 21 tare. 



37 1 14 the answer. 

2. In 241 barrels of figs, each 3qrs« 19lb. gross, tare lOlb. 
per barrel, how many pounds net ? Ans. 22413. 

3. What is the net weight of 14 hogsheads of tobacco, 
each 5cwt. 2qrs. 17lb. gross, tare lCX)lb. per hhd«? 

Ans. 66cwt. 2qr8. 14lb. 

CASE 2. 

When the tare is a certain Vfeight per cwt. 

RUI^E. 

Divide the gross weight by the aliquot parts of a cwt. con- 
tained in the tare, and subtract the quotient from the gross, 
and the remainder is the net weight. 

EXAMPLES. 

1 • Gross 1 73cwt* 3qrs. 1 Tib. tare 1 6lb« per cwt. how much 
net? 
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cwt. q^rs. lb. 

1/3 3 17 gross, 

14lb. is| 21 2 26 
21b. is I 3 11 

24 3 9 



149 8 the answer. 

2. What is the net weight of 7 barrek of pot-ashy each 
weighing 2011b. gross, tare being at 101b. per cwt. ? 

Ans. 12811b. 6oz. 

3. In 25 barrels of fip, each 2c wt. Iqr. gross, tare 16lb. 
per cwt. how much net i Ans. 48cwt. 24Ib. 

CASE 3. 

When Trett is allowed vnth Tare. 

RULE. 

Divide the suttle weight by 26, and the quotient is the 
trett, which subtract from the suttle, and the remainder is 
the net weight. 

EXAMPLES. 

1. In 9cwt. 2qrs. 17lb. gross, tare 3rlb. and trett as usual^ 
how much net? 

cwt. qrs. lb. 

9 2 17 gross. 
19 tare. 



26)9 1 8 suttle. 
1 11 trett. 



8 3 25 the answer. 
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2. in 7 casks of prunes, each weighing 3cwt. Iqr. 5lb. 
grosS) tare IT^lb. per cwt. and trett as usual, how much 
net? Ans. 18cwt. 2qr8. 25lb. 

3. What is the net weight ot 3 hogsheads of sugar weigh- 
ing as follows : the first, 4cwt. 5lli. gross, tare 73lb. the 
second, 3cwt. 2qrs. gross, tare >56lb. and the third, 2cwt. 
3qrs. ITlb. gross, tare 47lb. and allowing trett to each as 
usual i Ans. ScwU 2qrs. 4lb. 

CASE 4. 

When tarcj tfett^ andcloff'are all allowed* 

RULE. 

Deduct the tare and trett, as before, and divide the suttie 
by 168, and the quotient is the cloiF, which subtract from the 
sutde, and the remainder is the net. 

EXAMPLES. 

1. What is the net weight of a hhd. of tobacco, weighing 
l^cwt. 3qrs. 20lb. gross, tare 7lb. per cwt. and trett and 
cloiF as usual i 



cwt. qrs. 
15 3 
7lb. is yV 3 


lb. 

30 gross. 

27 tare. 


26)14 3 


21 

8 trett. 


168)14 1 


13 suttie. 
9 doff. 


14 1 


4 the answer* 



17 
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DOUBLE RULE OF THREE. 



Note 2» The first and third terms of each lii^e, if of dtf? 
ferent denominations, must be reduced to the same denomi? 
nation. 



EXAMPLES, 



1. How many men can complete a trench of 135 yards 
Iqng in 8 days, provided 16 men can dig 54 yards in 6 days ? 



OENERAL STATING. 



54 yds. or n : je men : : f ^f/'*^* °'" fj : 
8 days, or 4 J I 6 days, or 3 J 



54-J-2r=2 

) 35-4-27=5 
2=4 
2=3 



FIRST METHOD. 

yds? men. yd^. days. men. days. 



2 : 16 : : 5 : 



4 : 40 : : 3 : 



2)80(40 men. 
8 



4)120(30 men, answer. 
12 







2 

4 

8 



SECOKP METHOD. 



16 
15 

80 
16 



15 






8)240(30 men, the answer a&lsefore. 
24 
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2. If lOOL in ope year gain SL interest, what will be the 

interest of 7501. for seven years ? 

Ans* 262L 10s. 

3. What principal will gain 2621. IQs. in 7 years, at 51. 
per cent, per annum ? Ans. 750l» 

4. If a footman travel 1 30 miles in 3 days, when the days 
are 12 hours long; in how many days, of 10 hours each, 
may he travel 360 miles ? Ans. 9f t> days. 

5. If 120 bushels of com can serve 14 horses 56 days ; 
how many days will 94 bushels serve 6 horses ? 

Ans. 102^5^ days. 

6. If 7oz. 5dwts. of bread be bought ^t 4|d. when com 
is at 4s. 2d. per bushel, what weight of it may be bought 
for Is. 2d. when the price of the bushel is 5s. 6d. ? 

Ans. lib. 4oz. 3 j^^dwts. 

7. If the carriage of I3cwt. Iqr. for 72 miles be 2l. 10s. 
6d. what will be the carriage of 7cwt. 3qrs. for 112 miles ? 

Ans. 21. 5s. lid. IjY^q. 

8. A wall, to be built to the height of 27 feet, was raised 
to the height of 9 feet by 12 men in 6 days ; how many men 
must be employed to finish the wall in 4 days, at the same 
rate of working? Ans. 36 men. 

9. If a regiment of soldiers, consisting of 939 men, can 
<eat up 351 quarters of wheat in 7 months ; how many sol- 
diers will eat up 1464 quarters in 5 months, at that rate ? 

Ans. 5483^^7* 

10. If 248 men, in 5 days of 1 1 hours each, dig a trench 
230 yards long, 3 wide and 2 deep ; in how many days of 
9 hours long, will 24 men dig a trench of 420 yards long, 5 
wide and 3 deep ? Ans. 288/^^' 



1S4 CONJOINED PROPORTION. 

CONJOINED PROPORTION. 

Conjoined Proportion is when the coins, weights, or 
measures, of several countries are compared in the same 
question ; or it is the joining together of several ratios, and 
the inferring of the ratio of the first antecedent and the last 
consequent from the ratios of the several antecedents and 
their respective consequents. 

Note 1. The solution of questions, under this rule, may 
frequently be much shortened by cancelling equal numbers, 
when in both the columns, or in the first column and third 
term, and abbreviating those, that are commensurable. 

Note 2. The proof is by so many sjtateijients in the SIq* 
gle Rule of Three, as the nature of the question requires. 

CASK 1. 

y 

When it is required tqjindhow many of the last kindofcoit^ 
weighty or measure^ mentioned in the question^ are equal 
to a given number ofthejirst.- 

BUL3B. 

1. Multiply continually together the antecedents for the 
first term, and the consequents for the second, and make the 
given number the third. ^ 

2. Then-find the fourth term, or proportional, which will 
\>Q the answer required. 

EXAMPLES. 

1. If lOlb. at Boston make 9lb. at Amsterdam \ 90lb. ^t 
Amsterdam, 112lb. at Thoulouse ; how inany pounds at 
Thoulouse are equal to 50lb. at Boston ? 



CONJOINED PROPORTION. 155 



Ant. 


Cons. 


10 


: 9 


90 


: 112 


900 


: 1008 :: 50 




50 




)5O4O0(56 the answer 




4500 




5400 




5400 



Or bv abbreviation. 

10 : 9 :: 50 10 : 1 :: 50 1 : 1 :: 5 
90:112 10:112* 10:112 2: 112:: 1:56. 

56 the answer. 

2. If 20 braces at Leghorn be equal to 10 vares at Lis- 
bon ; 40 vares at Lisbon to 80 braces at Lucca ; how ma- 
ny braces at Lucca are equal to 100 braces at Leghorn ? 

Ans. 100 braces* 

CASE 3. 

When it is required to find how many of the first kind of 
coin^ weighty or measure^ mentioned in the question^ are 
equal to a given number of the last. 



* In performing this example) the first abbreviation is ob- 
tained by dividing 90 and 9 by their common measure 9 ; the 
second by dividing 10 and 50 by their common measure 10 ; 
the third by dividing 10 and 5 by their common measure 5 ; 
and the fourth, or answer, by dividing 2 and 112 by their com- 
mon measure 2. 



1* CONJOINED PRQPORTIOHT. 

EULB. 

Proceed as in the first case, only make the product of the 
consequents the first term, and that of the antecedents the 
second. 

EXAMPLES. 

1. If lOOlb. in America make 95lb« Flemish ; and 19lb. 
Flemish, 25lb. at Bolognia ; how many pounds in America 
are equal to 50lb« at Bolognia ? 

Cons* Ant* 
95 : 100 
25 : 19 



475 
190 

2375 : 1900 : : 50 : 

50 



)95000(4()lb. the answer* 
9500 



O 

Or by abbreviation* 

95 : 100 5 : 100 5:4 

25 : 19 :: 50 25 : 1 :: 50 1 : 1 :: 50 1 : 4 :: 10 : 

4 



Ans« 40lb* 

2. If 25lb* at Boston be 22lb. at Nuremburg ; 88lb* at 

Nuremburg, 92lb. at Hamburgh ; 46lb* at Hamburgh, 491b. 

at Lyons ; how many pounds at Boston are equal to 98lb. 

at Lyons ? 

Ans. lOOlb* 



SINGLB FELLOWSHIP. W 

3. If 6 braces at Leghorn makb S ells English; IT elb 
English, 9 braces at Venice ; how many braces at Leghora 
will make 4^ braces m Venice ? Ans. 50 braces.* 



FELLOWSHIP. 

Fellowship is a general ruje, by which merchants, &e. 
trading in company, with a joint stock, determine each per- 
son's pai-ticttlar share of the gain or loss in proportidii to hW 
share in the joint stock. 

By this rule a bankrupt's estate may be divided among 
his creditors ; as also legacies adjusted, when there is a de^ 
licienpy of assets or effects. 

SINGLE FELLOWSmP, 

Single Fellowship is wheii different stocks ^re employed 
for any certain equal tin^e* [ 

RULE.* 

As the whole stock is to the wh6le gain or loss, so is each 



I I I ■ 



* Barter is the exchanging of one commodity for another, 
and directs traders so to proportion their goods, that neither 
party may sustain loss. 

Lo88 and Gain is a rule, that discovers what is got or lost in 
the buying or selling of goods j; and instructs merchants and 
traders to raise or lower the price of their goods, so as to gain 
or lose a certain sum per cent. &c. 

Questions in these rules are performed.by the Rule of Three. 

* That the gain or loss} in tliia rulej.is in proportioR to t^vw 

18 



ISi SINGLK FBLLOWSHIF. 

man^s paiticiilar stock to hb particular share of the g^in or 
loss. 

METHOD OF PROOF. 

Add all the shares together, and the sum will be equ^ to 
the gain or loss, when the question is right* 

EXAMPLES. 

1. Two persons trade together ; A put into stock Sl^Q 
^Okd B £220, and they gained S500 ; what is each perspn'^ 
share thereof ? 

130 
220 

350 : 500 :: 130 

500 



35,O)6500,0(185-n|^ 
35 

300 
280 

I 

200 
175 

250 
345 



50 

35 

. ^ ' ■■ ' ■ Mi 



stocks is evident : for, as the times the stocks are in trade are 
^iialy if I put in ^ of the whole stock> I ought to have | of tb^ 
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850 : .500 :: 220 : 

500 



«5,O)110OO,O(314-28|| 
105' • 

50 
35 

150 

140 • 

100 
70 

300 
280 



Jil85«ri|4=A's shard. 
314*28|^=B*s share 



i«* 



2500*00 the proof. 

2. A and S have gained by trading gl82. A put into 
stock JS300 and B £400 ; what is each person^s share of the 
profit? Ans. A SS78 and B 2104. 



WihrtMtffa 



Whole gain ; if my part of tlie whole stock be ^9 my share of the 
whole gain or loss ought to be ^ also. And generally) if I put 
in ^ of the stock, I ought to have i part of the whole gain or 
loss ; that is, the same ratio, that the whole stock has to the 
whole gain or loss, must each person's particular stock have to 
his particular gain or loss. 



I 



tM 9aHim F£LLO wdttia 

3. Divide ]Sl20 between three persoi^, so that their shar^ 
shall be to each other as l,d^ and 3 respectively* 

Ans. 220, 240, and g6a 

4. Three persons make a joint stock. A put in 2185*66, 
B 298-50, and C 27'6*85 ; they trade and gain 2222 ; what 
2s each person's share of the gain ? 

Ans, A 2104-ir„V„> B 8S0'5r^VTVT>& C24r-25||^^- 

5. TTiree merchants, A j B, artd C, freight a ship with 340 
tuns of wine j A loaded 110 tuns, B 97, and C the rest. In 
a storm the seamen were obliged to throw 85 tuns over- 
board ; how much must each sustain of the loss ? 

Ana. A 2r|, B 24|, and C 3S|. 

6. A ship worth 2&60 being entirely lost, of which ^ be- 
longed to A, A to B, an4 the rest to C ; what loss will each 
sustain, supposing 2500 of her to be insured ? 

Ans. A 245, B 290, and C £^225^. 

7. A bankrupt is indebted to A 2277*33, to B 2305*17, 
to C 2152, and to D 2105. His estate is worth only 55677" 
50 ; how must it be divided ? 

Ans. A 2223'81||||, B 2246-287V/t» 

C 2122-e6|4|J, and D S84-7S|f l-l. 

♦» ■ • •■ ■ • •• • 

8. A and B, venturing equal suihs of money, clear by 
joint trade 2^54« ' By agreement A was to have 8 per cent* 
because he spent his time in the execution of the project, 
and B was to have only Sf per cent. ; i^hat was A allowed 
for his trouble ? Ans. 235*534^. 
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DOUBLE FELLOWSHIP. 

Jboubk Fellowship is when different or equal stocks are 
employed for different times* 

EULE.* 

i 
Multiply each man's stock into the time of its continue 
ibce, then say, 

As the total sum of 9U the products is to the whole gain 
or loss, 

So is'each man^s particular product to his particular share 
#f the gain or loss. 

EXAMPLES. 

1. A and B hold a piece of ground in commofi) for which, 
they are to pay g36. A put in 23 oxen for 2? days, and B 
21 oxen for 35 days ; what part of the rent ought each man. 
to pay? 



• Mr. Malcom, Mr, Ward, and several othef authors have 
given an analytical investigation of this rule ; but the most gen- 
eral and elegant method perhaps is that, which Dr. Hutton has 
given in his Arithpnetic, namely, 

When the times are equal, the shares of the gain or loss are 
evidently as the stocks, as in Single Fellowship ; and when the 
stocks are equal, the shares are as the times ; wherefore, when 
neither are equal, the shares must be as their products. 



t43 
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23X27=621 
21X35=735 



1356 



1$5& : 36 : : 621 
621 

36 
72 
216 

1356)22356(1 6*48^^^ 
1356 



1856 : 36 t : 735 i 
735 



180 
108 
252 



1356)26460(19*51tVt\ 
1356 



12900 
12204 



6960 
6780 

1800 
1356 



8796 
8136 

6600 
5424 

11760 
10848 

912 



gl6.4aT%VV=A's share- 
19.5l^YA=B's share; 

!836'00 the proof* 
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^. Three graziers hired a piece of land for 86O«50u A 
put in 5 sheep for 4^ months, B put in 6 for 5 months, and 
C put in 9 for &| mgnths ; how mu^h mi^st each pay of the 
rent ? Ans, A 8511-25, B S52p, and C 5529*25. 

3* Two merchants enter into partnership for 18 month$ ; 
A put into stock at first p200, and at the end of 8 months 
he put in glOO more ; B put in at first 2550, and at the end 
of 4 months took out 8 140. Now at the expiration of the 
time they find they have g£iined jS52d ; what is each n^an's 
just share? Aps, A's 2l92-95y||^. 

3*8 33304||||. 

4. A, with a capital of SlOOQ began trade January 1^ 
1776, and meeting with success in business he took in B as 
a partner, with a capital of 81500 on the first of March fol- 
lowing. Three months after that they admit C as a third 
partner, who brought into stock 82800, and after trading to- 
gether till the first of the next year, they find the gain, since 
A commenced business, to be 81776*50. How must this 
be divided among the partners ? 

Ans. A*s 8457-46|||. 
B's 571*83i||. 
C's 747*19|$f. 



ALLIGATION. 

Alligation teaches how to mix several simples of dif- 

» 

ferent qualities, «o that the composition may be of a paid- 
1^41^ qUld|ty; amd is commonly distinguished into two princi- 
m1 cases, cjall^d Alligation medial and Alligation alternate* 
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ALLIGATION MEDIAL. 



Alligation medial is the iriethod o£ finding the rate of the 
compound, from having the rates and quantities of the sev- 
eral simples given* 



RtTLK.* 



Multiply each quantity by its rale ; then divide die sum 
of the products by the sum of the quantities, or the whole 
'jcomposition, and the quotient will be the rate of the com- 
pouxfd required*, 



EXAMPLES. 



L Suppose 15 bushels of wheat at 5s. per bushel, and 12 
jliushels of rye at 3s. 6d. per bushel were nqixed together ; 
how must the compound be sold per bushel ij^ithout loss or 



gain? 



* The truth of this; rule is too evident to need a demonstra- 
tion. 

NoTB. If an ounce or any other quantity of pure gold be 
leduced i^to 34 equal parts^ these parts are called carats ; but 
gold is oftjsn mixed with spme ba^er metal, which is called the 
alloy^ and the mixture is said to be of so many carats fine, ac-, 
cording to the proportion of purie^ gold contained in it ; thus, if 
23 carats of pure gold and 3 of alloy b^ mixed togethe^} it is 
md to be 33 carats fine. 

If any one of the dimplesbebf little 0^ tto value tiith i^^spect 
to the rest, its rate is supposed to be tiothing, as prater this^ecl 
with win^, fnd alloy w|th gold or aiWer., 



AU^IOATION ALTf^aNATE* I4i 

. 15 

12 



60 


42 


15 


19 


300 


504 


60 


900 



27 



900 27)l404(59d.s4«. 4d. tht smtwen 

135 



54 
54 



2* A cprnposition being mude of 5U)* of tesi at 78. per 
]K>uiKi, dlb. at 8s. 6d« per pound, anc) 14|lb« at 58. lOd. par 
pound, what is a pound of it worth i Ana. 68* 10|d« 

3. Mixed 4 gallons of wine at 4s. 10d« per gallon, with 7, 
galbns at 5s. dd. per gallon, and 9| gallons at 5s. 8d. per 
gallon ; what is a gallon of this composition worth i 

Ans. 5s. 4^d. 

4. A goldsmith m^lts 8lb. 5|o:^. of gold bullion of 14 
earats fine, with 12lb. 8|oz. of 18 carats fine ; how many 
carats fine is this mixture i An^ ^^rn ^^^ts. 

5. A refiner melts lOlb* of gold of 20 carats fine with 
161b. of 18 carats fine ; how much alloy must he put to it to 
make it 22 f^arats ^ne ? 

Ans. It is not fine enough by 3^ carats, so that no alloy 
must be put to it, but more gold. 

^ • . 

ALLIGATION ALTERNATE. 

AUigntidn alternate is the mediod of finding what quan« 

dty of any liiimber of simples, whose rates sire given, will 

<:ompose a mixture of a given rate i so th^t it is the reverse 

of Alligatioxi medi^ ^nd may be prpv^d bv it* 

19 
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IM ALLIGATION ALTERNATE. 

RULE 1.* 

1. Write the rates of the simples in a column under each 
other. 

2. Connect or link with a continued line the rate of each 
simple, which is less than that of the compound, with ox)e or 
any number of those, that are greater than the compound ; 
and each greater rate with one or any number of the less* 

3. Write the difference between the jpoixture rate and 



* Dbmonstration. By connecting the leas rate to the 
greater, and placing the differences between them and the mean 
rate alternately, the quantities resulting are such, that there is 
precisely as much gained by one quantity as is lost by the other, 
and therefore the gain and loss upon the whole are equal, and 
are exactly the proposed rate ; and the same wi)l be true of any 
other two simples, managed according to the rule. 

In like manner, let the number of simples be what it may^ 
and with how many soever each is linked, since it is always a less 
with a greater than the mean price, there will be an equal bal- 
ance of loss and gain between every two, and consequently an 
equal balance on the whole. Q. E. D. 

It is obvious from the rule, that questions of this sort admit 
of a great variety of answers ; for having found one answer, we 
may find as many more as we please, by only multiplying or di- 
viding each of the quantities found by 3, 3, or 4, &c. the reason 
of which is evident ; for, if two quantities of two simples make 
a balance of loss and gain, with respect to the mean price, so 
must also the double or treble, the 1^ or -^^ part, or any other ra- 
tio of these quantities, and so on, ad it{fimtum» 

Questions of this kind are called by algebraists indeterminate 
6v unUndted problems, and by an analytical process theorems 
may be raised, that will give all the fioasidle answers. 



Av 
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^t of €ach of the simples opposite to the rates, with which 
they are respectively linked. 

4. Then if only one difference stand against any rate, it 
will be the quantity belonging to that rate ; but if 'there be 
several, their sum wiirbe the quantity. 

A'- 
*■ ! ■ 

BXAHPLSt. 

!• A merchant would mix wines at 14s. 19s. 15s. and 22b. 
'per gallon, so that the mixture may be worth 18s. the gaU 
hXk ", what quantity of each must be taken ? 



t --^ 



u 



<— ■*■ 



15- 



1B< 



19- 
L22- 



4 at 14s» 
1 at 15s* 

3 at 19s. 

4 at 228. 

Or thus t 



14 



4BMH*Mi«>iM 



H— 



18< 



19—' 
L22- 



L 



1+4 
1 

4+3 
4 



5 at 14s. 
1 at 158. 

rat 19s. 
4 at 22s. 



2« flow much wine at 6s. per gallon and at 4s« per gallon 
tnust be mixed together, that the composition may be worth 
5s. per gallon ? 

Ans. 12 gallons, or equal quantities of each. 

•■ c 

3. How much com at 28* 6d. 3s. 8s. 4s. and 46. 8d. pa: 
bushel must be mixed together, that the t:ompound may be 
worth 3s. lOd. per bushel ? 

Ans. 12at2s. 6d* 12 at 38* 8d. 18 at4s. and 188t48«>8d. 

I 

4. A goldsmith has gold of 17, 18, 22, and 24 carats fine*$ 
^ow much must be taken of each to make it 21 carats fine i 

Ans. 3 of 17, 1 of IS, 3 of 22, and 4. of 24. 






I4i AlUdATIDIir ALt1!RKAt£. 

5% It h required to mix brAhdy at 88. wine 9t7s* eider at 
Is. and water at per gallon together, ^o diat the mixture 
may be worth 5s. per gallon ? 

Ans. 9 of brandy, 9 of wine, 5 of cider, and 5 of water* 

llULE 2.* 

tVhen the whole Composition is Rfnited t^ a terUxin qttanti* 
t^ And an answer as before by linking ; then say as the sum 
of the quantities, or differences thus detennihed, is to the^ 
given quantity, so is each ingredient, found by linking, to 
the required quantity of each. 



#■** 



* A great number of questions might be here giten reladng 

^ to the specific gravity of metals, Sec. but ope of the t^pst cmrious^ 

with the eperadon at large, may serve as a sufficient specimen. 

HiBRO, Ung 6f Syracuse) gave orders for a crown to be made 
entirely of pure gold { but liuspecdng the workimen had depas" 
ed it by mixing it with silver or copper, he recommended the^ 
discovery of the fraud to the famous AacHiMSDBS ; and desir* 
ed to know the exact qUandty of alloy in the crown. 

AacHiMBOBSjin order to detect the imposition, procured two 
bther masses, one ojf pure g^ld, the other of silver or copper, 
and each of the same weight with the former ; and each being 
put separately in«6 a vessel fall of water, the quantity of water 
exp^ed by them determined their specific bulks i from which 
and th^ir given weights, the exact quandties of gold «id allof 
In the ciioWn maybe determined. 

Su^pbse the Weight of e^h trb^ tb be 101b. and that the 
Water expelled by the c<^per or ^Iver was 931b. by the gold 
Silh. and by the compound crown 64lb. what will be the quaiv^ 
tiUei of gold and alh^y in the crown ? 
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ALUGAYION AtTERNATE* 14» 

1. How many gallons of water at Os. per gallon, must be 
Inixed with wine worth 3s. per gallon, so as to fill a vessel 
of 100 gallons, and that a gallon may be afforded at 2s. 6d. ? 

0«»r ■ • , 6 



i: 



30 ^ 

V36 » 30 

36 



v> 



6 : 100 : { 6 t 36 : 100 : : 30 : 

30 

36)600(16 36)3000(8S 

36 2^8 

340 120 

216 108 

24 12 

An^. 83-||- gallons <>£ wine^ and 16-|^ of water. 

2% A grocer has currants at 4d. 6d* 9d. and lid. per lU 
land he would make a mixture of 24/bkbi so l^at it may be af- 
forded at 8d. per pound ; how much of each sort must he 
take? 

Ans. 72lb. at 4d. 24 at 6d. 48 at 9d« and 96 at lid* 

f ■ 

The rates of the simples are 93 and 53) and of the compound 

64; therefore 

("93— I 13 of copper, 
64J 

l59-^» 3»ofgJ0ld. 

And the sumoif these is 13+38ss40| which should have bees 

%ttt 10 i wh^Mey hf the rate^ 

40 t 10 i I \U t 81b. of copper, 1 ^ 

40 : 10 : : 38 : Tib. of gold, J tne answer. 
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ALLIGATION ALTERNATE. 



3. How much gold of 15, of 17 ^ of 18, and of 22 carats 
fine must be mixed together to form a composition of 40 
ounceis of 20 carats fine ? 

Ans. 5oz. of 15, of 17, and of 18, and 25 of 22* 






EULE. 3.* 

When one of the ingredients U limited to a certain qitanti* 
ty; take the difference between each price and die mean 
rate as before ; then, 

As the difference of that simple, whose quantity is given, 
• is to the rest of the differences severally, so is the quantity 
given to the several quantities required* 

EXAMPLES. _ 

!• now much wine at 5s. at 5s. 6d. and Gs. the gallon 
must be mixed with 3 gallons at 4s. per gallon, so that the 
mixture may be worth 5s. 4d. per gallon i 



(48- 
I 50 — 1^ 
64< 

I 66— 
L72 



to 

10 
10 



10 
20 
20 



8+2=lC 
8+2=10 

1644=:20 
16+4=20 

3 : 5 

3:6 

3:6 



Ans. 3 gallons at 5s. Gat 5s. 6d. and 6 at 6si 



* In the very same manner questions may be wrought, when 
several of the ingredients are limited to certain^quantideS) hf 
finding first for one limit and then for another. 

The two last rules can want no demonstration^ as they evident^ 
ly result from the first, the reason of which has bepn already 
explsdned. 






INVOLUTION. 1»1 

2. A grocer would mix teas at 12s. 10s. and 6s. with 20 
)b. at 4s. per pound ; how much of each sort must he take to 
make the composition worth 8s. per. lb. i 

Ans. 20lb. at 4s. IQ at 6s. 10 at lOs. and 20 at 12a. ' 

3. How much gold of 15, of 17, and of 22 carats fine, - ^ 
must be mixed with 5oz. of 18 cariits fine, so that the com- 
position may be 20 carats fine i • 

Ans. 5oz. of 15 carats fine, 5 of 17, and' 25 of 22. ^ 



INVOLUTION. 

A Power is a number produced by multiplying any giv- 
en number continually by itself a certain number of times. 

Any number is itself called xhtjirst power ; if it be mul- 
tiplied by itself, the product is called the second power ^ or 
the square; if this be multiplied by the first power again, 
the product is called iltitthtrd pov>er^ or ib& cube; and if 
this be mviltiplied by the first power again, the product is 
called the fourth power ^ or biquadrate; and so on ; that is, 
the power is denominated from the number, which exceeds 
the multiplication by 1. 

Thus, 3 is the first power of 3. 
3x3= 9 is the second power of 3. 
3X3X3=27 is the third power of 3. 
3X3x3x3=81 is the fourth power of 3. 
&c. &c. 

And in this manner is calculated the following table of 
powers. 



^ 
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I 

TABLE of the first twelve Powers of the 9 Digits 
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INVOLUTION. US 

Note 1. The number, which exceeds the laultiplications 
by 1/1% called the index^ or exponent ^ ^f the ^lower ; so the 
index of the first power is 1, that of the second power is 9, 
and that of the third is 3, 8ic. 

Note 2. IPowers are commonly demoted by writing their 
indices above the first power ; so the s^econd power of 3 may 
be denoted thus S*, the third powerthus 3*, the fourth pow 
er thus 3^, &c. and the si3^ power of 503 thus ^03^« 

Invobition is the finding of powers ; to do which we have 
evidently the following 

RULE. 

Multiply the given number, 6x first power, coQtiniiaUy by 
itself, till the number of multiplications he 1 less than the 
index of the power to be found, and the last product will be 
the power required.* 



* Note. The raising of powers will be son^etimes shorten- 
ed by working according to this observation^ viz. whatever two 
or more powers are multiplied together, their product is the 
power, whose index is the sum of the indices of the factors ; 
or if a power be multiplied by itself, the product will be the pow- 
er, whose index is double of that, which is multiplied : so if I 
would find the sixth power, I plight muldply the given number 
twice by itself for the third power, then the third power into itr 
self would give the sixth power ; or if I would find the seventh 
poifer, I might first find the third end fourth, and their product 
would be the seventh ; or lastly) if I would find the eighth pow- 
er, ^might first find the second, then the second into itself 
wo^d be the finirth) and this into itself would be |he eightli. 

20 
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• Note. Whence, because-fractiona are multiplied by tat-* 
ing the products of their numerators and of their denomina- 
tors, tbejr will be involved by raising each of their terms to 
the power required. And if a mised number be proposed, 
either reduce it to an improper fraction, or reduce the vul- 
gar fraction to a decimal^, and proceed by the ruk. 



r 



KXAMPLSS. 



X. What is the^ second power of 45 J Ans. 2025» 

2. What is the square of -027 ? Ans. -000729^ 

a. What is the third power of 3*5 ^ Ans. 42«875. 

4t What is die fifth pow'er of •C^Q ? 

Ans. •00CXXX)02O5ilt49. 

&• What is the sixdi power of 5K)3 I 

Ans. 16196*005304479729. 

6. What is the second power of f ? Ans. 4- 



EVOLUTION. 

Ttt£ Root of auy given number, or power. Is such a num.- 
ber as, being multiplied, by itself a certain nimiber of times, 
will produce the power ^ and it is denominated Uti^Jirsty sec^ 
ond^ third, fourth, 6?c. rooS respectively, as the number o£ 
multiplications, made of it to produce the given power, is O^ 
1, 2, 3, &c. that is, ihe name of the root is taken from the 
Buraber, which exceeds the midtipllcations byl, lil^tfae 
name of tfie power in Involution* 



fiVOLUTION. "i5tf 

NoTlK 1. The index of the root^ like that of the power 
in Involutioo, is 1 more than the number of muJiipUcatiotiB, 
necessary to produce the power or given number« 

Note 2. Roots are sometimes denoted by writing v' 
before the power, with the index of the root against it : 

so the third root of 50 is V ^^9 ^"^ ^^^^ second root of it is 
V^50, the index 2 being omitted, which index is always un- 
derstood, when a root is named or written without one* 
But if the power be e:q)ressed by several numbers with the 
sign-for— , &c. between them, then a line is drawn from the 
top of the sign of the root, or radical sign, over all the parts 

of it: so the third root of 47 — 15 is ^ 47 — 15. And 
sometimes roots are designed like powers, with the recipro- 
cal of the index of the root above the g^ven number* So the 

secoi^d root of 3 is 3^ ; the second root of 50 i$ 50*^ ; and 

the third root of it is 50^ i also the third root of 47 — 15 is 

47_15.|y, And tlys method of notation has justly prevail- 
ed in the modem algebra ; because such roots, being con- 
sidered as fractional powers, need no other directions for 
any operations to be made with them, than those for inte- 
gral powers* 

Note 3. A number is called acompkte power of any 
kind, when its root of the same kind can be accurately ex- 
tracted ; but if not, the number is called an imperfect pow- 
er, and its root a surd /or irrational number : so 4 is a com- 
. plete power of the second kind, its root being 2 ; but an im- 
perfect power of the third kind, its root being a surd num- 
ber. 

Evolution is the finding of the roots of numbers either ac- 
j:urately, or in decimals^ to any proposeil extent* 
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The power is first to be prepared for extraction, or b^o» 
lution, by dividing it from the place of units, to the left iil 
integers, and to the right in decimal fractions, into periods^ 
eath containing as many places of figures, as are denominat- 
ed by die index of the root, if the power contain a complete 
number of such periods : if it do not, the defect will be ei^ 
ther on the right, or left, or both ; if the defect be on the 
right, it may be supplied by annexing cyphers, and after this, 
Whole periodis of cyphers may be annexed to continue the 
extraction, if necessary ; but if there be a defect on the left^ 
such defective period mUst remain unaltered, and is account- 
ed the first period of the given number, just the same^ as if 
it were complete^ 

Now this division may be conveniendy made by writing a 
point over the place of units, and also over the last figure of 
every period on both sides of it ; that is, over every second 
figure, if it be the second root ; over every third, if it be the 
third root, &c« 

Thus, to point this number 21035896*12735; 

for Idle second root, it will be 21035896*127350 ; 

but for the third root dl035896*127356 s 

and for the fourth , 21035896*127350o6. 

Note. The root will contain just as ixiany places of fig* 
Ures, as there are periods or points in the given power ; and 
they will be integers or decimals respectively, as the periods 
,dre so, from which they are found, or to which they corres- 
pond ; that is, there will be as many integral or decimal fig* 
ures in the root, as theire are periods of integers or decimaU 
in die given numben 



SQtJARE ROOT. iSf 

TO tXTRACT THE SQUARE IROOT. 

RULE.* 

1. Having distinguished the given number into periods^ 
find a square number by the table or trial, either equal to, 
or next less than the first period, and put the root of it on 
the right of the given number, in the manner of a quotient 
figure in Division, and it will be the first figure of the root 
required. . 



Mm 



* in order to show the reason of the rule, it will be proper to 
premise the following 

Lemma* The product of any twd^numbers can have at most 
but as many places of figures, as are in both the factors, and at 
least but one lesfti 

Dkmonstb AtiOM. Take two numbers, cbnusting of any num* 
ber of places, but let them be the least possible of those places, 
namelyy unity with cyphers, as 1000 and 100 ; then their pro- 
duct will be I with as many cyphers annexed, as are in both the 
numbers, namely y IboooO; but 100000 has one plaee less than 
lOOO and 100 together have ; andunce 1000 and 100 were tak- 
en the least possible^ the product of any other two numbers, of 
the same number of places, will be greater than I60000 ; con- 
sequently the product of any two numbers can have at least but 
one place less than both the &ctors. 

Again, take two numbers of any number of places, that shall 
be the greatest of these! places possible, as 999 and 99. Now 
909X99 is less than 999x 100 ; but 999x 100 (as99900) contains 
only as many places of figures, as are in 999 and 99 ; thet^fore 
999 x99, or the product of i^y other two numbers, consisting of 
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2« oubtract the assumed square from the first period, and 
to the remainder bring down the next period for a dividend. 

3. Place the double of the root, already found, on the 
left of the dividend for a divisor. 



the same number of places, cannot have more places of figures 
than are in both its factors. 

Co&oLLART 1. A square number cannot have more places 
of figures than double the places of the root, and at least but one 
less. 

CoR. 3. A cube number cannot have more places of figures 
than triple the places of the root, and at least but two less. 

The truth of the rule may be shown algebraically thus : 

Let JVsB the number, whose square root is to be found. 

Now it appears from the lemma, that there will be always as 
many places of figures in the root, as there are points or periods 
in the given number, and therefore the figures of those places 
may be represented by letters. 

Suppose J\r to consist of two periods, and let the figures in the 
root be represented by a and 6, 

Then a+6 =aa* -f 2&6+6^ rs A^as given number ; and to find 
the root of JVis the same, as finding the root of o* +2a^+6*, the 
method of doing which is as follows : 

Ist divisor a)a^ +2ab+b^(a+bsa root. 

.2 



a' 



2d divisor 2a+d)2ab+b* 

^ab+b^ 



Again suppose .Vto consist of 3 periods, and let the figures 
<rf the root be represented by a^ by and c. 



SQUARE ROOT. H9 

4. Consider what figure must be annexed to the divisor, 
ao that if the result be multiplied by it, the product may be 
equal to, or next less than the dividend, and it wiU be the 
second figure of the root* 

5. Subtract the said product from the dividend, and to 
the remainiier bring down the next period for a new diint- 
dend* 

6. Find a divisor as before, by doubling the figures al- 
ready in the root ; and from these find the next figure of the 
root, as in the last article ; and so c^ through all the periods^ 
to the last* 

Note 1* When the root is to be extracted to a great 
number of places, the work may be much abbreviated thus : 
having proceeded in the extraction by the common method 
till you have found one more than half the required number 
of figiures in the root, the rest maybe found by dividing the 
last remainder by its corresponding divisor, annexing a cy- 
pher to every dividual, as in division of decimals ; or rather. 



Then a+b+c sssa^ +2fld+d* +3ac+26r-f c^9 and the manner 
of finding a, by and c will be^ as before : thus, 

Ist dmsoTa)a^+2ab+b^+%ac+2bc+c^(a+b+csti root 



fl» 



|d divisor 2a+b)%ab+b^ 

2ab+b^ 

3d divisor 2a+26+c)2flc+2ic+c2 

2ac+2bc+c^ 



Now the operadon in each of these cases exactly agrees with 
the rulC} and the same will be found to be true? when A'consistsr 
of any number of periods whatever. 
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without annexing cyphers, by omitting contmually the first 
figure of the divisor on the right, after the manner of conr 
tracdon in division of decimals* 

^OTE 3. By means of the square root we readily find the 
foprth ix>ot, or the eighth root^ or the sixteenth root, &c. that 
is, ^e root of any power, whose index is some power of the 
number 2 ; namely, by extracting so often the square root, 
as is denoted by that power of 2 ; that is, twice for the fourth 
root, thrice for the eighth root, and so on. 

TO EXTRACT THE SQUARE ROOT OF A VUL- 

GAR FRACTION. 

KUL£. 

First prepare all vulgar fractions by reducing them to 
their least terms, both for this and all other roots. Then 

1. Take the root of the numerator and that of the denom- 
inator for the respective terms of the root required. And 
this is the best way, if the denominator be a complete power. 
But if not, then 

« 

2. Multiply the numerator and denominator together; 
take die root of the product : this root, being made the nu- 
merator to the denominator of the given fraction, or the de^ 
nominator to the numerator of it, will form the fractional 
root required. 

Thatis,vSL=v^^*-_^ 
6 b y/ab 

And this rule will aerve, whether the root be finite orinli^ 
nite. 

Or 3. Reduce the vulgar fraction to a decim^, and ex- 
tract ita root.' 
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EXAMPLES. 



1* Required the square root of 5499Q25< 



• • « 



5499025(2345 the root. 
4 

431149 
31129 

464)2090 
4|l856 

4685123435 
123425 



2» Required the square itiot of 184*2« 



• • 



184*2000(13-57 the root, 
1 



23184 
s|69 

265] 1 520 
5 1325 



270r 



19500 
18949 



551 remainder* 



»l 
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3. Required the square root of 2 to 12 phces*^ 
2(l-4142135623r +root. 



241100 
41 96 



281 
1 



400 
281 



2824111900 
4[ll296 

282821^^0400 
2156564 
■ r ■ ' 

2828411383600 
1 1282841 

2828423[lOOr5900 
s| 8485269 

2828426) 1 59063 1 (5623 y + 
1414213 



176418 
169706 

6712 
4657 



1055^ 
849 

206 
198 



8 

4. What is the square root of 152399025 



Ans. 12345. 



CUBE ROOT. l«5 

3. What is the square root of -00032754? 

Abs. '01809. 

>6. What k the squafe root of y*^ ? Ane. •645497* 

7. What is the square root of 6| ? Ans, 2'5298, &c. 

& What is the square root of 10 1 Ans. 3'1622r7, 8ca 

TO EXTRACT THE CUBE ROOT. 

RULE.* 

1. Having divided the given number into periods of 5 
figures, find the nearest less cube to the first period by the 
table of powers or trial ; set its root in the quotient, and subr 
tract the said cube from the first period ; to the remainder 
bring down the second period, and call this the resolvend. 

2. To three times the square of the root, just found, add 
three times the root itself, setting this one place more to the 
right than the former, and call this sum the divisor* Then* 
divide the resolvend, wanting the last figure, by the divisor, 



• The reason of poindng the given number, as directed in 
the rule, is obvious from Cor. ^, to the Lemma, used in demon- 
strating the Square Root ; and the rest of the operadon will be 
best understood from the following analytical process. 

Suppose JV, the given number, to consist of two periods, and 
let the figures in the root be denoted by a and b. 

Then a4T|3=ta3^3a2d+3a63+63:^;V« given number,ahd 
to find the cube root of A* is the same as to find the cube root 
of a^4" 3a^^+3«**+*^ > the method of doing which is as fol- 
lows : 
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for the next figure of the root, which annex to the fbtmer « 
calling this last figure e, and the part of the root before found 
call cu 

3. Add together these three product^) namely, thrice the 
square of a multiplied by e^ thrice a multiplied by the square 
of tf, and the cube of e, setting each of them one place farther 
toward the right than the former, and call the sum the «i/i- 
trahend; which must not exceed the resolvend ; and if it 
do, then make the last figure e less, and repeat the operation 
for finding the subt]:ahend* 

4* From the resolvend take the subtrahend, and to the re* 
mainder join the next period of the given number for a new 
resolvend; to which form anew divisor from the whole 
root now found ; and thence another figure of the root, as 
before, &c* 



«3 



3b*3+3aA*+d3 resolvend. 



3o* 

+3a 

3fl* +3fl divisor. 



3a»^ 

+3a3» 

Sa^d+Sab^+6^ 



And in the same manner may the root of a quantity, consist- 
ing of any number of periods whatever, be ibund. 



CUBE ROOT. U5 



EXAMPLES. 



•♦ 



1. To extract the cube root of 48228*544. 



3X3« =2r I 48228*544(36*4 root. 
3X3 =09 27 



Divisor 2/9 | 21228 resolvend* 

3X3*X6 =162 vl 
3X3 X6»= 324 Vadd 
6«= 2l6j 



3X36»=3888 
3X36 = 108 



38988 



19656 subtrahend. 



1572544 resolvend* 



3X363X4 = 15552 1 
3X36 X4*= 1728 Vadd 



4«= 64J 



1572544 subtrahend* 



»• What is the cube root of 1092727 ? Ani. 103* 

3. What is the cube root of 27054036008 ? Ans. 3002# 

4. What is the cube root of *006l357 ? 

Ans. •05138, &c» 

5. What is the cube root of |4It ^ ^^s* i* 

6. What isr the cube root of | ? Aps. •B7S 8tc. 



\fi6 C0BE ROOT.' 

RULE FOR EXTRACTING THE CUBE ROOT 
BY APPROXIMATION,* 

1. Find by trial a cube near to the given number, and call 
it the supposed cubcm 

2. Then twice the supposed cube added to the given num- 
ber is to tvi ice the given number added to the supposed 
cube, as the root of the supposed cube is to the root requir- 
ed nearly. Or as the first sum is to the difference of the 
given and supposed cube, so is the supposed root to the dif- 
ference of the roots nearly. 

3. By taking the cube of the root thus found for the sup- 
posed cube, and repeating the operation, the root will be had 
to a still greater degree of exactness. 



"*-»i 



* That this rule converges extremely fast may be easily 
shown thus : 

I 

% 

Let As given number, a^ss supposed cube, and x=s correc- 
tion. 

Then 2a^-|-JV : 2A'+a' : : a : a-^-x by the rule, and con- 
sequently 3a ^ +JVXfl+JC=2A*+a^ Xfl?, or2a3 H-a+x^Xfl+x 
=2A*+a3 xa. 

Or2fl* +2a^jc+a*+4a^x+6a^jc^ +4ax^ +x^=2aJV+a*y 
and by transposing the terms, and dividing by 2a. 

x^ 
JVssa^+Sa^x+Saz^+x^+x^'\ ,which by neglecting the 

2a 

x^ . 

terms x^ •] — -, as being very small, becomes A'sa^ -|-3a^j:+ 

2a 
dax^+x^zs: the known cube of <i+:c. Q. E, I. 



CUBE ROOT: Uf 

XXAMPLE8. 

U It is required to find the cube root of 98003449* 
Let 125000000 = supposed cube, whose root ia 500 ; 

Then 125000000 98003449 



250000000 196006898 

98003449 125000000 



ml 



348003449 : 321006898 : z 500 

500 



[root nearly* 
348003449)160503449000(46l=corrected root, or 

1392013796 



2130206940 
2088020694 



421862460 
348003449 

73859011 

2. Required the cube root of 21035*8* 

Here we soon find that the root lies between 20 and 30, 
and then between 27 and 28* Therefore 27 being taken, its 
cube is 19683 the assumed cube* Then 



19683 
2 


21035*8 
2 


39366 
21035*8 


42071-6 
19683 




\ 



Ml CUBE ROOT. 

As 60401 -8 : 61754*6 ; : 27 : 27*6C47 

27 



•«■«■ 



' 4322822 

1235092 

« 

1667374-2 
60401*8)1667374-S(27*6p4r the root searly. 
• • • • • 1208036 



459338 
422813 

36525 
36^41 



284 
242 

4S 

Again for a second operation, the cube of this root is 
21035*3186451558239 aiKl the process by the latter method 
is thus : 

21035*318645, &c. 

2 



42070*637290 21035*8 

210358 21035*318645, &c. 



As 63106*43729 : diff. '481355 : : 27*6047 : the diff* 

-000210834 



27*604910834= 
the root required* 

3. What is the cube root of 157464 ? Ans. 54. 

4* What is the cube root of $ ? Ans. *763, &c. 

5. What is the cube root of 117 J Ans. 4*890979 



mm m 

fo EXTRACT THE ROOTS OP POWERS IN 

GENERAL. 

1 

RULE.* 

1* l^repare the given number for extraction by pointing 
bfF from the units place as the rbot required directs. 

2. Find the first fi^;urd of the root by trial, and subtract 
its power from the g^ven number* 

* This rule! will be silfficiently obvious fr6m the work in th^ 
|61)owing example. 

Extract the cube root of a* +6a'-^40a' -|-960— 64. 
a«+6a'--^0a^-f96a — 64(a'4-Sa— 4 

. . —I 

-2 ' . ■ 



a*+3aXSa3a«H-12a^+13a^>-^13a^— 48a3496<^-«64(-^4 



" 3 



When the index of the power, whose root is to b^ extracte'di 
is a composite niimber, the following rule will be serviceable : 

«. 

Take any two or more indices, who^e product is the given in- 

dek, and extract out of the given number a root answering to 

one of these indices ; and then out of this root extract a rooty 

answering to another of the indices, |tnd so on JtQ tl^e last. 

Thus, the £[>urth rootsF^quare root of the square lobt. 

The sixth root =« square toot of the cube root, feci 

« - - . 

The proof of all roots ^s by involution. 

32 



ltd ctriE Roor/ 

3^ To the iremaiiuler bring down the first %iire in ther 
next period, and call it' the dividend. 

4t4 Involve the root to the next inferior power to thaf^ 
which is given, and multiply it by the number denoting the 
^iven power for a divisor. 

Sm Find how many times the divisor may be had in the 
dividend, and the quotient will be another figure of the r6ot» 

6. Involve the whole root to the given power, and sub- 
tract it from the given number as before. 

T» Bring down the first figure of the Aext period to the 
remainder for a new dividend, to which find a new divisor,, 
and so 6n, till the whole be finished* 

£1AMPL£S. 

1. What is the cUbe root of 5315rsr6 ? 

53157376(376 

27=5:33 



3«X3=27)i61 dividend. 
50653=37* 



3^X3=4107)25043 second dividend. 

53157376 



dk*BMai«iitaM«MHn«MMBarilMaM*kM^»«MnMaUbiMHbaMH«i 



The following theorems may somedmes be found useful in esT- 
tracting the root of a vulgar fraction ; v^-r==^— ^^""-T-i ;» 



a 



or universally, t 



* fl» a*"''l« 



ba 



K 
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fr What is the biquadjcate root of 19987173376? 

An8.376« 

3. Extract the sursolid, or fifth roo^ of S07682«2i 10671 
'^625« Ans. 3145. 

4. Extract the square cubed, or sixth root, of 43572838 
1009267809889764416. Ans. 27534. 

' 5. Find Ae seventh root pf 3448771746730751318249$ 
153794673. Ans. 32017. 

6. Find the eighth root of 112101628132047623624649 
7942460481. Ans. 13527. 

TO e;xtract any root whatever by 

APPROXIMATION. 

1. Assume the root nearly, and raise it to the same powv 
.er with the given number, which call the (assumed power* 

2. Then, as the sum: of the assumed power multiplied by 
the index more 1 and the given number multiplied by the 
index less 1, is to the sum of the given number multiplie4 
by the index more 1 and the assumed power multiplied by 
jthe index less .1, so is the assumed ropt to the required root. 

Or, as half the first sum is to the (fiifereuce between the* 
^ven and assumed powers, so is the assumed root to the 
difference between the true and assumed roots ; which difr 
ference, added or subtracted, gives ^e true root nearly. 

And the operation may be repeated as often as we plea&e 
by using always the last found root for the ^assumed root^ 
and its power as aforesaid for the assumed power. 



lit €s.v6e, RidOT. 

EXAMPLES. 

|. Required the fifth root of 21035*9; 

Here it appears, that the fifth root is between 7*3 and ft4^ 
7*3 being taken, its fifth poller is^f30*ri593> Hence the^ 

21035*8 ^ given number* 
20730*716 s assumed power* 

305*084 s difference* 

S s mde:i^. 90730*716 ^1035*^ 

9+t==6 3 2 



5—1= 



r=3 62192*148 42071*1^ 

42071*6 



i042^*748p| the first 8\un* 
f(M26!|*r : 005*084 : ? 7*8 ; «Q2186d5 

r*3 



»15a5S 
2135588 



^0426S*7)2227*1132(*0213604 = difference^ 
<•?••• 208527 7*3 



14184 f •321360 = root; 
10426 true to the last figure^ 

3758 
*128 

696 
626 



ARITHMETICAL |^R06Rt:sdI01l|. irs 

^. What is the thif d root of 2 ? Ans. 1 •259921. 

4. What is tl|e sixth root of 21035*8 ? Ans. 5«24l40d7f 
A. What is the seventh root of 21035»$ ? Ans. 4*145392. 

5. What is tjhe ninth root of 21035*8 1 Ans. 3*022239. 
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ARITHMETICAL PROGRESSION. 

Amt rank of numbers, increasing by a common excess 0£ 
decreasing by a common difference, is said to be in Aritk' 
metical ProgresHon ; such are the numbers 1) 2, 3, 4, 5, &c* 
Ty 5, 3, 1 ; and '8, *6, *4, •2. When the numbers increase 
they fqrm an ascending' series ; but when they decrease, they 
form sjk descemRng series. 

The numbers, ^hich forni the series, are called the terms. 
pf the progressiop* 

Any Mr^^ of the ^ve following terms being ^ven, the 
other two may be readily found. 

1. The first term, 1 commonly called thf 

2. The last temi, S extremes. 

3. The number of terms. 
4* The common difference* 
5. The sum of all the terms* 



PROBLEM 1* 

If^hejirst term^ the last term^ and the number of terms being^ 
given^ tojind the sum of all the terms. 



ir^ ARITHMETICAL PROGRESSlOir. 

RULE,* 

Multiply the Bum of the extremes by the number of teron^ 
apd half the prodqict will b^e t}ie answer* 

1« The first term of an Arithmetical Progression is 2, the 
last term 53y and the number of terms 18 } re(^uired the sum^ 
of the series* 

2 



55 
18 



440 
55 





2)990 
495 


Or, 

• 

=495 the answer. 


• 




53+2X18 


( 


>T 


2 





* Suppose another series of the same kind with the given on« 
be placed under it in an inverse ordei* ; then will the sum of ev- 
ery two corresponding terms be the same as tbat of the first 
and last f consequently any one of those sums, muldplied by the 
number of terms, must give the whole sum of the two serieS) 
and half that sum will evidently be the sum of the given series^ 
thus, 

Let l^ 2, ,3, 4, 5, 6, 7, be the given series ; 
and 7, 6, 5, 4, 3, 3, 1, the same inverted ; 
tbenB+8+8+8+8+8+8as8x7»56 and 1+3+4-^5+$ 

+r«y«88. Q. E. p. 



ARITHMETICAL PROGRESSION. \75 

^ The first term is 1^ the last term 21, and the number 
of terms 11 ; required the sum of the series. . Ans. 121. 

3. How many strokes do the clocks of Venice, which go 
to 24 o'clock, stnke in the compass of a day ? 

Ans. 300. 

4. If 100 stones be placed in a right line, exactly a yard 
lisunder, and the first a yard from a basket, what length of 
ground will that man go, who gathers them up singly, re- 
turning with them one by one to the basket ? 

Ans# 5 miles and 1 300 yards. 

PROBLEM 2. 

The first term^ the last term^ and the number of terms being 
gtveUy to find the common difference* 

RULE. .3,* 

Divide, the diflference of the extremes by the number of 
terms less 1, and the quotient will be the common diiference 
sought. 

EXAMPLES. 

X« The extremes are 2 and 53, and the number of terms 
is 18 ; required the common difference. 



■«• «>«rtN 



^ The difference of the first and last terms evidently shows 
the increase of the first term by all the subsequent additions, 
unit becomes equal to the last ; and as the number of those ad- 
didons is evidently one less than the number of terms, and the 
increase by every addition equal, it is plain, that the total in- 
crease, divided by the number of additions, must give the difier- 
cnce at every one separately ; whence the rule is manifest* 



lis Arithmetical PROGREssioNf*^ 

53 . 18 

8 1 

- V ■• - 

17)51(3 17 

51 

Or, 

^— j-jj=.3 the an^we^ 

2. If the exiremes be 3 and 19, and the qundber of tenn^ 
9, it 18 reqmred to find the common difference, and the sum 
of the whole series. 

Ans* The difierence is 2, and die sum is 99* 

3* A man is to travel from London to a certain place lA 
12 days, and to go but three miles the fu>t day, increasing 
evety day by an equal excess, so that the last day's journey 
may be 58 miles ; required the daily increase, and the dis^ 
tance of the place from London*' 

Ans« Daily increase 5, distance 366 miles* 

PROBLEM 3* 

Given the first term^ the last term^ and the eomnkm difference f 

to find the number of terms* 

RULE.* 

Divide the difference, of the extremes by the common dif- 



% 



* By the last problem, the difference of the extremes, divid- 
ed by the number of terms less 1, gives the common difference ; 
consequently the same, divided by the common difference, must 
give the number of terms less I ; hence this quodent, augment- 
ed by 1, must be the answer to the question. 



ARITHMETICAL PROGRESSION. itf 

ference, and the quotient, increased by 1, is the number of 

terms required. 

t 

EXAMPLES. 

U The extremes are 2 and 53, and the common diiFerence 
3 ; what is the number of terms ? 

53 



3)51 



17 Or, 

^ ££112.4.1=1 8 the answer^! 
— *• 3 

18 



Id any Arithmetical Progression, the sum of any two of its 
terms is equal to the sum of any other two terms, taken at an 
^qual distance on contrary sides of the former ; or the double 
of any one term is equal to the sum of any two terms, taken at 
an equal distance from it on each side. 

The sum of any number of terms (n) of the arithmetical se- 
ries of odd niiitibers I9 3, 5, 7, 9, Sec. is equal to the square (n^) 
of that number. 

That is, if I, 3^ 5, 7, 9, 8cc. be the numbers, 
Then will 1, 2«, 3«, 4», 5», 8ec. be the sums of 1, 2, 3, Uc. Of 
those terms. - 

For, 0+1 or the sum of 1 term ==s 1' or I 
1 +3 or the sum of 2 terms rac 2* or 4 
4+5 or the sum of 3 terms » 3* or 9 
9+7 or the sum of 4 terms =s 4' or 16, &c« 

Whence it is plain, that, let n be any number whatsoerer, the 
sum of n terms will be n^ . 

The following table contains a summary of the whole doctrine 

of Arithmetical Progression. 

23 
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ARITHMETICAL PROGRESSION. 



2r If the extremes be 3 and 19, and the common differ-* 
ence S£, what is the number of terms i Ans. 9* 

3. A man, going a journey, travelled the first day 5 miles, 
the last day 35 miles, and increased his journey every day 



Casks of ARitHURticAL Progression, [ 


Case 
1 


Giv. 

adn"^ 


Req. 


Soiutionl 


4 


71—1 xd+a. 


I 




8 


^ d 


3 
3 


n 




out ^ 

ade < 

1 


8 


/ 


• 


n 




/"IT.".; -„"■ . - 


y 2a— ^1' + 8rf*— 2fl— rf 
2d 


I 




J 2a— c/j"+8i/*— <f 


t 


4 

5 


1 

als 

< 

ana < 


d 
n 


/+a X ^— a 
3»-W + a 


2» 
a+/ 


d 


2X« — an 
n—\ Xn 


3. 
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by 3 miles ; how many days did he travel i Ans. 1 1 days. 



t ■ I 



"!»•«■ 



Cas€|Giv. 



Req. 



aln ^ 



^mm 



8 



dnl ^ 



mr^^m 



and < 



dU < 



n 



10 



Ina 



[ 



r ' ■ 



Solution. 



/—a 



a+ixn 



^m 



■mipiMM^ 



/— i^j — I X d. 



nxl^n — 1 X -. 



8 flfX«— I 



n 



^ 



8 (/Xff— I 
» 3 * 



d+s^2l+d\*^^da 



TW 



2/+rf+ ^2i+d —Sd^ 
3c/ 



"^^-^ 



2» 



2xn/- 



n — ixn 



■•W" 



■*■•• 



^«BMH^«*iH»n«l 




Here < » s= 



least term, 
number of terms, 
sum of all the terms. 
I commpn difference, 
greatest term. 



T^ 



J 



4 



lap GEOMETRICAL PROGRESSION. 



GEOMETRICAL PR0GRE;SSI0N. 

Any series of numbers, the terms of which gradully iiif 
crease or decrease by a constant multiplication or divisiqni 
is sadd to be in Geometrical Progression* Thus, 4, 8, 16, 32, 
64, &c. and 81, 27, 9, 3, 1, &c. are series in Geometrical 
Progression, the one increasing by a constant multiplication 
by 2, and the other decreasing by a constant division by 3. 

The number, by which the series is constantly increased 
or diminished, is called the ratio. 

PROBLEM !• 

Qipen thejirst term^ the last term, and the ratio, to find tht 

sum of the series* 



RULE 



# 



Multiply the last term by the ratio, and from the product 
subtract the first term, and the remainder, divided by the ra- 
tio less 1, will give the sum of the series. 



* Dbhovstbation. Take any series whatever, as 1^ 3, 9| 
27^ 81, 243, &c. multiply this by the ratio, and it will produce 
the series 3, 9, 37, 8 1, 343, 739, Sec Now let the sum of the 
proposed series be what it will, it is plain, that the sum of the 
second series will be as many times the former sum, as is ex- 
pressed by the ratio ; subtract the first series from the second, 
and it will give 729—1 ; which is evidently as many times the 
sum of the first seties, as is expressed by the ratio less 1 ; con- 
sequently —r: — "* ^^ni of the proposed series, and is the 

rule ; or 729 is the l?st term multiplied by the ratio, I is the 
first term, and 3— •! is the rado less one ; said the same will 
l^oldi^l^t the seriei^ be ifhitt it w|U. Q. £. D. 



GEOMETRICAI, PROGRESSION 
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EXAMPLES. 

U The first term of a series in Geometrical Progression 
is 1, the last term is 2187, and the ratio 3 ; what is the sum 
f)£ the series i 

2187 



3 






6561 




• 


1 






3—1=2)6560 






3280 




Or, 


3X2 


187 


I^= 3280 the answer 



3 — 1 



^0T£ 1. Since, in any geometrical series ^ progression, 
when it consists of four terms, the product of the extremes is 
equal to the product of the means ; and when it consists of three, 
the product of the extremes is equal to the square of the mean ; 
it follows, that in any geometrical series, when it consists of an 
even number of terms, the product of the extremes i^ equal to 
the pi*oduct of any two means, equally distant from the ex- 
tremes ; and when the number of terms is odd, the product of 
the extremes is equal to the square of the mean or middle term, 
or to the product of any two terms, equally distant from them. 



Note 2. 


If a 




b : 


\ I c \ d directly, 


Then< 


a 

b 

a+b 

a— -d 

a 

la+b 




c : 
a 

b : 
b : 
a+i 
a-— 


: b : flf by alteration. 
! : d I c by inversion. 
: : c+d : dhy composition i^ 
; : c— r/ : d by division. 
h : :^ c : c+d by conversion 
b ^ I c+d : c-i-cf mixedly. 



For in each of these proportions the product of the extrem^& 
is equal to tl^at of the means. 



1S2 GEOMETRICAL PROGRESSION. 

ft 

2. The extremes of a geometrical progresBiou are 1 and 
65536, aQ4 the ratio 4 ; what is the sum of the series ? 

Ans. 87381. 

3. The extremes of a geometrical series are 1024 and 
59049, and the ratio is 1^ ; whut is the sum of the series ? 

Aus. 175099. 

PROBLEM 2. 

Given the first term and the ratioy to find am other term 

assigned. 

flULE.* 

1. Write a few of the leading terms of the series, and 
place their indices over them, beginning wi^ a cypher. 

2« i^dd together the most eonyenient indices to make a^ 
index less by 1 than th^ number, ^xpressin^ the place of the 
term^ught. 

3. Multiply the terms of die geometrical series together,- 
belonging to those indices, and make the product a dividend* 



* Demonstration* In example 1, where the first term is 
equal to the rado, the reason of the rule is evident ; for as every 
term is some power of the ratio, and the indices point out the 
number of factors, it is plain from the nature of multiplication, 
that the product of any two terms will be another term corres- 
ponding with the index, which is the sum of the indices standmgj 
over those respective terms, 

And in the second example, where the series does not begin 
with the ratio, it appears, that every term after the two first con- 
tws some power of the ratio, muldplied into the first term, i(n4 
therefore the rule, in tliis case, is equally evident* 



GEOMETRICAL PROGRESSION. 



US 



4. Raise the first term to a power, whose index is 1 less 
than the number of terms multiplied, and make the result a 
divisor* 



iMMManrtM 



The following table contiuns all the possible cases of Gep« 
metrical Progression. 



Casks ot Geometrical Progression, 



Casi 



2 



Giv* I Req. 



am 





r. 



s 



arl < 



n 



I 



are < 



n 



m «^> 



asl 



n 



bolutioa. 



«r"-». 



.»-x 



r— 1 



X€U 



/. 



r — 1 



Z, / — Z, a 



+1, 



r — iXs-yt 



^ 



Ly 



r — ixs+a — LyO 



L,r 



a— a 

Z, I'^LyG 



Z,,*^— «— Z,*^ — I 



«-,+ !. 



r\ " 



lU GEOI^ETRIGAL PROGRESSION. 

i. Divide the dividend by the divisor, and the qiiatknt 
will be the term nought. 

Note. When the first term of the series is equal to the 
ratio, the indices must begin with an unit, and the indices 
added mtist make the entire index of the term required ; and 



Case 



Giv. 



Keq. 



ans "S 




anl< 



ml 



s 



rns 



I 



boiutiom 

I I II 



.«— 



rs a—* 



/x«— /r'*=«>c«— «l "" . 



a 



1 
»— 1 



i^ 



/—-a 



a 



I 



r*-l 



»•-' ■■'»■ 



/ 



^-»=T 



/+ 



r — 1 



r—\ 



r«_l 



Xs* 



,-_,.«-i 



r*— 1 



^X«« 
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th^ product of the different terms, found as before, *wiU give 
the term required* 

1. The first term of a geometrical series is 2j die number 
bf terms 13, and the ratio 2 j required the last term. 

1, 2, 3, 4, 5, indices; 

2, 4, 8, 16, 32, leading terms* 
Then 4-|-4-f-34-2 = index to the 13th tenm 
And 16X16x8+4=8192 the answer; 

In this example the indices must begin with 1, and such 
of them be chosen^ as will make up the entire index to the 
term required. 



Giv. j Req.l 



rls < 



n 



a 



nis < 



,^^mX, 



Solution. 



«— rXiS — I* 



i, I — L^s — rxs — I 



L,r 



H 



i*-! 



»-l 



axs — a\ =Jx8 — /| 



f"+ 



» «-i 



/ 



l-rS 



r *= 



/-*• 



J—Mk. 



r^ 



Here 




V" U l l M >l 



I r = ratio* 
\L=z Logarithms. 
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4M .6£OM£TaiC AL BftOGRESSION. 

9. Requiiied the 12th tarm of a geometarical series, whose 
first term is 3, and ratio 2. 

O^ 1, 2, 3y4fy p:9 &f lodices. 
d, 6, 12, 24, 48, 96, 192, leading terms. 
Then 6+5= index to the 12th term. 
. And 1 92X96=18432 = dividend. 

The number of tcfms multiplied is 2, and 2 — 1=1 is the 
power, to which the teim 3 is to be raised ; but the first pow- 
er of 3 is 3, and therefore 18432^^3=6144 the 12th term 
required* 

3. The first term of a geometrical series is 1, the ratio 2, 
and the number of terms 23 ; required the last term. 

Ans. 41943Q4i( 

QU£STIOJ\rS 

TO BE SOLVED BT THE TWO FRECEDIMG PROBLEMS^ 

1» A person being asked to dispose of a fipe horse, said 
fije wo^dd sell him on condition of having onie faitl^ing for 
tljie first nsdl in his shoes, 2 farthings for the second, one 
penny for the third, and so on, doubling the price of eveiy 
nail to 32, the lumkber of nails in his foUr shoes ; what would 
the horsft be ^old for at tl^iat rate ? 

Ans. 44739241 5s. 3|d. 

2/ A young man, skilled in numbers, agreed with a ifarmer 
to work for him eleven years without any other reward than 
tife produce of one wheat corn for the first year, and that 
produce to be sowed the second year, and so on from ye^f 
to year till die end of the time, allowing die increase to be 
in a ten fold proportion ; what quantity of wheat is due for 



\ 



SIMPLE nWEHflST. IW 

such service, and to what does it amount at a dpUar iper 
bushel? 

Ans* 226056-} bushels, allowing 7680 wheat corns to be a 
pint; and the amount is 226056-} dollars* 

3. What debt will be discharge4 in a year, or twelve 
months, by paying jS 1 the first month, $11 the second, 24 
the third, and so on, each succeeding payment being double 
the last ; and what will the last payment he ? 

Ans. The debt is $ 4095 and thef last jiaj-ment S 2048; ^ 



SIMPLE INTEREST. 

Interest is the premium, allowed for the loan of money. 

The sum, which i^ lent, is called the principal. 

The sum of the principal and inte^'est ^s called the amount. 

Interest is allowed at so much per cent* per annum^ which 
preiQtum per cent, per annum^ or interest of lOOL for a year, 
is called the rate of interest. 

Interest is of two isorts, simple and compound. 

Simple Interest is that, which is allowed only for the prii^* 
cipal lenty 

N6TE. Commission, Bi^oker^R^e, Insurance^ Stocks,'!!' and, 
in general, whatever is at a certain rate, or sum per cent, 
are calculated like Simple Interest. 



^"Siock 19 a general name for pubitt' fundis, andcapitahr oftra^^ 
ding oomp^nies, tbto sharel of which are ^ranisfi^rs^e from one 
person to a^other. 



t«8 SIMPX.E INTEREST, 

RULE.* 

1, Mtdtipjy the principal b^ the rate, an4<livi(le the proe 
duct by 100 ; and the quotient is the answer for one year. 

^. Multiply the interest for one year by the given number 

of years, and the product is the answer for that time. 
» 
3. If there be parts of a year, as months or da^'^s, wor): 

for the months by the aliquot parts of a ye^r, and for tl^^. 

days by Simple Proportion. 

EXAMPLES. 

1. What is the interest of 4^01. for a year, ^t ^ per cen^. 
per annum \ 

4501. 



i*»^"^ 



1,00)22-50 
20 



10-00 Ans. 22L and ^'^V = tV = '5 = 10s, 

2. What is the interest of 7201. for 3 years, at 5 per cent* 
per annum ; 

7201. 36 

5 3 



36'00 1081. Ans. 



3. What is the interest of 1071. for J17 days, at 4| per 
cent, per annum ? 

1071. 5 1 7 3-2 5 17 3-2 



4| 11 7 



-rr 



f The rule is evidently a^ application of Simfkle Pfoportion 

and l^ractice. 



SIlifiPLE INTBRBaT. IW 

4)28 SS 18 1 3*2 3^ U 6. 9'4 

53 10 10 

^ 26 15 -— — 



nxio+r=iir — 559 1 eo 

5-08 5 35 11 6 2*4 



20 



365)594 J3 p 2*4(lU 128. rtrVj^^ 
1*65 365 ^he, answer. 



12 



229 



r-80 20 

-— )4593 

3*20 3^5 



q. q. 

2-4^2|=|d. 943 

730 

7-6-7— TT IT 



213 
12 

)2556 
2555 



H 



4* What is the interest of 5S 607*50 for $ years, at 6 per 
cent, per annum ? Ans. 2182*25^ 

5. What is the interest of 2131, from Feb. 12, to June 5, 
1796, it being leap year, at 3| per cent, per annum ? 

Ans. 21. 6s. 6d. 3^WV4- 

SIMPI^E INTEREST BY DECIMALS. 

RULE.* 

Multiply continually the principal, ratio, and time, and it 
will give the interest required. 

\ * The following theorems will show all the possible cases of 
Simple Interest, where /f as principal^ f a time, r = ratio, ao4 
f as aqoont. 



IfO 



srMPLE INTEREST. 



Matio is the simple interest of IL for 1 year, at the rate 
per cent, agreed on ; thus the ratio 



at< 



rs 


per 


.cent* is *03. 


3| 




•035. 


4 




•04. 


H 




•045. 


5 




•05. 


H 




•055. 


16 




•06. 

EXAMPLES. 



1. What is the interest of 945L 10s. for 3 yean, at 5 per 
centi per annum i 



945^5 
•05 . 

4r*2/5 
3 

141*825 
20 

■ 

16*500 
12 

6.000 Ans^ 141L 16s^ 6d. ^ 

2f What is the interest of 7961. 15s. for 5 years, at 4^ 
per cent, per annum ? Ans. 1791. 5s. 4^d. 

3. What is the interest of 5371. 15s. from November 11, 
1764, to June 5, 1765, at 3f per cent, i *Ans. |ll. ^d. 



I. far+fi:BUl, 






III. 



tr+l 



"»fi 



TVi 



r 

IF 



COMMISSION. 

CoMii: issiON id an allowance of so much per cent, to a fac- 
tor or correspondent abroad, for buying and seUing goods for 
lus emidoyer. 

1« What comes the commission of 5001. 13s. 6d. to at 3| 
per cent, i 

5001. 138. 6d. 







3J 


1502 





6 


250 


6 


9 


17*52 


7 


3 


20 






io*4r 




12 







5-67 
4 

2-68 Ans. 171. 108. 5}d. 

2. My correspondent writes me word, that he has bought 
goods on my account to the value of 7541. 1 7s. What does 
his commission come to at 2^ per cent, i 

Ans. 181. 17s. 4|d. 

3. What must I allow my correspondent for disbursing 
on my account 5291. 18s. 5d. at 2^"per cent. ? 

Ans. 111. 18s. 5|d. 



I«2 BROKERAGE* 



BROKERAGE. 

Brokerage Is an allowance of so much per cent. t6 it 
|)erson, called a Broker, for assisting merchants or factors in 
procuring dr disposing of go6dd. 



EXAMPLXS. 



U What is the brokerage of 610U at 5s. or ^ per ceni ^ 



Snd is i 610L 



1*52 


10 


20 




10*50 




12 




6-00 


Ans^ 11. ICs. 6d. 



2* If I allow my broker 3| per cent, what may he de* 
mandy when he sells goods to the value of 8761. 5s. lOd. i 

Ans. 321. 17s. 2id. 



3. 



What is the brokerage of rf79l, 18s. at 4 per cent. ? 



Ans. 31. 5s. ll|d. 



INSURANCE. lit 



INSURANCE* 

' Insurance is a premium of so much per. cent, g^ven to 
certain persons and offices for a securi^ of inaking goodthb 
loss of ships, houses, merchspidize, &c« wl^tclif may happeb 
from storms, fire, &c. 

fiXAMPLXSf 

\ 

? 

1. What is the insurance of 8741. 13s. 6d. at 13^ pe| 

8741. 13s. 6d. 
.12 



10496 


? 


r. 




874 


13 


6 


437 


6 


9 


118-08 


2 


S 


20 







1^62 
12 

7-47 
4 

1*98 And* Il8l* Is* 7|4 

9. What is the insurance of 9qoL at 10| per cent» i 

Ans. del t5». 

9. What is the i^isurance of 120CA« at 74 per cent. ? 

Ans. 911. Ipf • 
.35 



^k DISCOUNT.. 

DISCOUNT- 

^ Discount is^^an alloivtmce, made for the payment of any 
$um of money before it becomes dup ; and is the difference 
between .thax sura, dui^ sometime hence, ahd itsL presept 
worthf 

The present worth of any sum, or debt, due some time 
hence, is si|£h a sum, as, if put to interest, would in that time 
and at the rate per cent, for whickthe discount is tp be made^ 
a^moupt to the sum. or disbt then dtie. 

RULE.* 

1. As the amount of 1()0L for the given rate and time i% 
to lOOl. so is the given sum or debt to, the present worth.. 



^ That an. allowance ought to be made for paying money be-^ 
Ibre it becomes due, which is supposed to bear no interest till 
titer it ki^uei is very reasonable ; for, if I keep the money in 
my own hands till the debt becomes due, it is plain Imay make 
an advantage of it by putting it out to interest for that time ; but^ 
if I pay it before it is due, it is giving that benefit to another r 
therefore we have only to inquire what discount ought to be al- 
lowed. And her^ som^ debtors will be rea4y to say, that sincQ 
by not paying the money dll it becomes, due, they may employ 
it at interest, therefore by paying it before due they shall lose 
that interest, and for that reason all such interest ought to b« 
discounted : but that is false, for they cannot be said to lose that 
interest till the time, when the- debt shjall become due ;: whisre* 
^ we are to consider what Would properly be lost at present^ by 
paying the debt before it becomes du/e ; ahd this can, in point of 
equity or jusdce, be no other than SHch, £^ sjum, as, being put out 
tq interest till the debt becomes due, would amount to the lA* 



DIS^COUNft^ IS^ * 

ii. Subtract &e present worth from the given sum, and 
ihe remainder is the discount required. 

Or, 

, 1 

As the amount bf lOOl. for Ae given rate and time is to , 
the interest of lOOl. for that tintie, so is the given sum Or 
4ebt to the discount required. 

ISKAlCPLEft. 

1. What is the discount of 5731. I5s. due 3 years hence^ 
at 4-J per cent. ? 



*^ 



terest of the debt for the same tim«. It is beside plain, that the 
advantage arising from discharging a debt, due sometime hence» 
by a present paymemt, according to the piinciples we have 
mentioned, is exactly the same as employing the whole sum at 
interest till the time, when the debt becomes due ; for, if thedis* 
count allowed for present payment be put out to interest for that 
time, its amount will be the same as the interest of the whole 
debt for the same time : thus the discount of 1051. due one year 
hence, reckoning interest at 5 per cent, will be 51. and 51. put 
out to interest at 5 per cent, for one year, will amount to 51. 5s> 
which is exactly equal to the interest of 1051. for one year at 5 
per cent. 

The truth of the rule fer working is evident from the nature 
of Simple Interest ; for since the debt may be considered as the 
amount of some principal, H:alled here the present worthj at a 
certain rate per cent, and for the given time, that amount must 
be in the same proportion, either to its principal or interest, as 
the amount of any other sum, at the same rate, and for the same 
time, is to its principal or int^rest^ 



tascouitt. 



I « 



41. idiBi 

3 



13 10 
100 



' L 8* L li* 

113 10 : 13 10 1 : 573 IdT U 

ao 20 90 

2270 270 11475 

270 



803250 
22950 



227,0)309825 
828 



^(2,0) 
fi( 136/ 



1472 68 4 
1105 
197 
12 



227)2364(10 
94 
4 

376(1 
149 

Ans. 68U 4s. 10^(L 

2. What is the pfiesent i^orth of 1501. payable in ^ of s 
3rear, discount being tit 5 per cent i 

Ans. 1481. 2s. ll|d* 

3. Bought a quantity of goods for 1501. ready money^ 
and sold them again f^r 2001. payable at J of a year hence ; 
what was the gsun in ready money^ supposing discount to be ' 
liade at 5 per cent* i Ans. 421* 15s« 5d« 



' 



brscQtjiiT* 



m 



4. What is the present worth of 1201. payable as follows^ 
Viz. 50l. at 3 months, 501. at 5 month:;, and the rest at 8 
ttionths, discount being at 6 per cent. ? 

Ans. 1171. 5s, 5id* 

DISCOUNT BY DECIMALS. 

RULF.* 

As the amount of IL for the gi\:en time is to 11. so is the 
interest of the debt for the said time to the discount requir- 
ed. 

Subtract the discount from the principal, and the remain- 
der will be the present worth. 

> — i. ^ . — -^ 

* Let m represent any debt) and n the time of payment ; then 
Hyill the following Tables exhibit all the variety, that can happen 
with respect to present worth and discount. 



Of T»B FRE^Bif^ W^RtH OF MOMKT PAID BEFORE IT IS 

DUE AT Simple iNTSRBsr. 


The present worth of any sum m. 


Rate per cent. 


I For n y£ars. 


n months. 


n days. 


r ppr cent. 


100m 
«r+100 


1200m 
nr+ 100 


365i00m 
nr+36500 


3 per cent ^ 

1 


100m 
311+100 


400m 
w+400 


36500m 
3n+3650O 


4 per cent. 


2Sm 
n+35 


306m 
n+300 


9125m 
71+9125 


1 

' 5 per cent. 

1 


n+20 


240m 

n+240 


7300m 
n+7300 



198 



M&eoDU'r. 



EXAMPLIKB. 

What is the discount of 5731. 15s. due 3 years hence, ai 
4| per cent, per annum ? 

% 

•045X3+l=rl-135=amount of 11. for the given time. 

And 5rs*r5x*045X3=7r-45625=t interest cif the debt for 
the given time. 

1-1 3'5 : 1 : : 77*45625 : 
l-l35)77-45625(68-243 
6810 



9356 
9080 

2762 
2270 



^«»' 



OV Discounts TO BE ALLOWED FOR PAYING OF MoNBT 
BEFOaE IT BECOMES DUBJLT SiMPLE Ilfl'ERESr. 



The discount of any sum m. 



Rate per cent. 



r per cent 



3 per cent. 



4 per cent. 



5 percent. 



For n years. 



ninr 



«r+100 



3mn 



3n+100 



mn 
n+25 



«+20 



wmtB 



n months. 1 n days. 



tnnv 



nr+ 1300 



mn 



n+400 



mn 
W+300 



mn 
n+sio 



mnr 



-V- 



nr+36500 



^^ 



3mn 



3n+36500 



mn 
71+9125 



.I.M 



mn 



W+7S00 



I^Ml 



^qUATIQN OF PAYMENTS^ IMT 



4925 
4540 

SH€0 
3405 

64r«M3368L 4s« 10|d. Aos. 445 

2. What is the discount qf 7251. 16$. for five months, ae 
3 J per cent, per annum ? Ans. 1 IL Ips. 7\d* 

. 3. What ready mone7 wiH discharge a debt of 1377K 

138* 4d. due 2 yeairs, 3 quarters and 25 days hence, dis* 

eounting at 4£ per cent, per annum f 

Ana. 1226L 8s. e|>d» 



EQUATION OF PAYMENTS- 

£<^ATioN OF Payments is the finding a time to pay at 
once several debts, due at different times, so that no loss 
shall be sustained by either party* 

Multiply each payment by the time, at which it is due ; 
then divide the sum of the products by the aum of the payf 
ments, and the quotient will be the time required. 



T" 



* This rule is founded on a supposition, that the sum of the 
interests of the several debts, which are payable before the equa- 
te timber from their terms ta tha^t dme, ought to be equal to the' 
sum of the interests of the debts payable after the equated time^ 
from that timp to their terms. Among others, who defend this 
principle^ Mr. Cocksr endeavours to proy^ it to be right by 



ftbO EQUATION t>F PAYMENlPS^ 

EXAMPLES. 

1. A owes B 190l. to be paid as follows, viz. 501. in 6i 
months, 60L in 7 months, and 8Cd. in 10 months ; what is 
the equated time to pay the whole ? 



tills argument ; that what is gained by keeping some pf the debt& 
atter they are due, is lost by paying others before they are due. 
But this cannot be the case $ fOr, though by kieeping a ij^bt unn 
paid after it is due therein, gained Uie inter^tof it fot* thattim^i 
yet by paying a debt before it is due the payer does not lose the 
intti^sl for that time, but the discount only, which it less than 
the interest, and therefore the rule is not true. 

Although this rule be not aceuivtely true, yet in most ques^ 
tions, that occur in business, the error is so trifling, that it will 
be much used. 

That the rule is universally agreeable to the sypposidon may 
be thus demonstrated. 



Jd =s first debt payable^ and the distance of its term of 
payment /. 
D ss last debt payable, and the distance of its term 7. 
X B= distance of the equated time. 
^ r s=a rate of interest of 11. for one year. 

r The distance of the dme t and op 
Then, since jc lies be- J is == jr— r. 

tween Tand / j The distance of the time 7" and a: 

I is « r— r ^ 

Now the interest of d for the time .r— ^ is x-^xdr ; an d the 

interest of D for the time y— <c is X^^yiDr ; therefor^ x-^ 

Xdr^T'-'-arxDr by the supposition; and from this equation 

ap is found « ^ . , > which is the rule. And the same might 

D+d 

be shown of any number of payments. 

The true rule is given in equation of payments hf decimialsi. 



iBQUATiON OF PAYMENTlSk it* 

50X 6=300 
60X r=420i 
80+ 10=800 

50+60+80=190)1520(8 

1520 Ans. S monthsw 



2i A owes B 52L 78. 6di to be paid in 4^ months, 8(A* 
lOs. to be paid in 3| months^ and 761. 2s« 6d. to be paid in 
5 months ; what is the equated time to pay the whole ? 

Ans» 4 months, 8 days. 

3. A owes B 240l. to be paid in 6 months, but in one 
ihohth and a half pays him 60l. and in 4^ months after that 
dOL more; how miich longer than 6 months should B in 
equity defer the rest i Ans. 2-7 months. 

* 

4. A debt is to be paid as follows, viz. ^ ^t 2 months, ^ 
at 3 months, | at 4 months, 4 ^t 5 months, and the rest at 7 
months ; what is the equated time to pay the whole ? 

Ans. 4 months and 18 day s« 

EQUATION OF PAYMENTS BY DECIMALS. 

Two debts being' due at different timesy to find fhe equated 

time to pay' the'whole* 

RULE.* 

, 1. "To the suni of both payments add the continual pra» 
duct of the first payment, the rate, or interest of 11. for one 

* No rule in Arithmetic has been the occasion of so many 
disputes as that of Equation of Payments. Almost every writ- 
er on thiff subject has endeavoured to show the fallacy of the 
methods, used by other authors^ and to substitute a new one in 
their stead. But the only true rule seems to be that of Mr. 



«■<•■ 



3M £QUAT10N Ot? PAYMENtS^ 

year, and ^ time between t-be payments, and caU this the 
first number, 

2w Multiply twice tfre first payment by the rate, and call 
this the second number. 



Malcolm, or one similar to it in its essential principles, deriv'^ 
ed from the conside^tidn of interest and discount. 

The rtfle^ given above^ is the same as Mr. Malcolm's, ex- 
cept it is not encumbered with the time before any payment is 
due, that being no necessary part of ^ operation.' 

DEMONSTRAtioir OF tHE RuLB. Su^pose « sum of money 
to be due immediately, and another sum at the expiration of a; 
certain given time, and it is proposed to find a tune to pay the 
whole at once, so that neither party shall sustain loss. 

Now it is plain, that the equated time must fall between those 
of the two payments f and that what is got by keeping the first 
debt after it* is due, should be equal to what is lost by paying 
the second debt before it is due. 

Btt# ibft gain^ arising from the keeping of a stun of inoneiF 
after it isdue^ is evidently equal to the interest of the debt for 
that time. 

And the losa^ which isc sustained by paying of^a sum of iho-* 
ney before it is due, is evidendy equal to the discount of tiie 
debt for that time. 

Therefore it is obvious^ that the debtor must retain the sum 
immediately due, or the first payment, till its interest shall be 
equal to the discount of the second sum for the time it is pmd 
before due ; because, in that case, the gain and the loss will be 
equaH and consequently neither party can be k>s^r. 

Now to fihd such a time, let a =s firist payment, b =s second,, 
and t =s titne between the payments ; r = rate, or interest a 



3EQUATION OF PAYMENTS 



SQI 



3. Divide the jfirst number by th^ second, 9xA C£^l the 
(juotient the third number. 



\ I . '* I 



jll. fpr one year^ and x ss equated time after the first payment. 
Then cltx «;r interest of a for a? tj^n^ 

and — — asd'iscouBt of d for the time Ir^x . 

9ut orx fss i ^.bf ithe question, from which equation 



X w found ^«±*+£:+H±tffrll 



2ar 2ar 



bt 



ar 



^et f?. "^^,%e put equal to ti, and — =» ^' 
2ar 



ar 



Then it is evident, that », or its equaln^j* is greater than 



n*— -m|^, and therefore jp will have two affiripatiye values, the 



1 



1 



quantities w+n^— »z| and n — -n —.ml being both positive. 

But only one of those values will answer che conditioiis of the 
question ; and, in all cases of thi? pfoblem, a? wiU be ^ti-— 



«• — m\7. 



For suppose the contrary, and let x == n+n — ml^. 



1 






,2-p 2 



Then r— a;s5s/-H«^— » — w 

sm, VF^ shall 



1 



1 



Now, sincea+^+alrx — ^««, and htx 

2ar ar 

have from the first of these equations r*— S^waoi— s^r-r-a/ x— 



and consequentlv /— .a:=n^.^-d^ — arx-^P-fp-n'— A^X~ 

' "^ " ar| -ar 



1 



Butn?— 6rx— 



'^ is evidently greater than n*— ^^—wi/x — '^, 



T^ 



and therefore n*—drx— 

ar 



^— n^— 



^S5 



btr-^tX'^ 
ar 



X 

^, or its equal 



•04 EQUATION OF PAYMENTS. 

4. Call the square of the third number the fourth number, 

5. Divide the product of the second payment, and time 
between the payments, by the product of the first payment 
and the irate, and call the quotient the fifth number. 






must be a negative qqantity ; an^i consequently x will be great- 
er than t, that is, the equated time will fall beyond the second 
payment) which is absurd. The value of x therefore cannot 



pe SB ————— -|- 



2ar 2ar \ ar 



1 



, but must in all cases bf 



a^b+atr a-j-b-^ard bt 



, which is the same as the rule. 
2tfr 2ar ' ar 

From this it appears* that the double sign, made use of by 
Mr* Malcolm, and every author since, who has given his me? 
thod, cannot obtain, and that there is no ambiguity in the prob- 
lem. 

In like manner it might be shown, that the direcdons, usually 
giverl for finding the equated time, when there are more than 
two payments, virill not agree with the hypothesis ; but tliis may 
be easily seen by working an example at large, and esLamining 
the truth of the conclusion. 

The equated time for any number of payments may be read- 
ily found wbei^ the quesdon is proposed in numbers, but it would 
not be easy to give algebraic theorems for those cases, on ac- 
count of tbe variation of the debts and timely and the difficulty 
of finding between which of the payments the equated time 
irould happen. 

Supposing r tobe the amount of 11. for one year, and the oth? 

log^ar +d 

er letters as before, then t^ ^ a will be a general theo- 

IdgTr 
rem for the equated time of any two payments, reckoning co^n- 

imnd interest) and is fiopnd in the same manner as the former. 



EQUATION OF PAYMENTS. 
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6, From the fourth number take the fifth, and call the 
square root of the difference the sixth number? 

7. Then the difference of the third and sixth numbiers is 
the equated time, after the first payment is due. 



w. 



EXAMPLES. 



1^ There is lOOl. payable one year hence, and 1051. paya- 
ble 3 years hence ; what is the equated time, allowing sim* 
pie interest at 5 per cent, per annum ? 



100 
•05 

5-00 
2 



100 

200 
•05 



10-00 
100 
105 



10'00=2d number:, 



'l0)215=lst number. 

21*5=3d number. 
' 21-5 



1075 
215 
430 



462*25=4th number. 



105 
2 



1st payment X rate =; 5)210 



42=5th number. 



%0^ POMPOUND INTEREST. 

462*25 21*5 

42 (20'5=i6th number. 



, . , 1= equated time from the first 

420*25(20*5 payment, and .% 2 ye^rs =; 

4 >^hole equated time. 

' 405)2025 
2025 

• 2. Suppose 4001. are to be paid at the end of 2 years, an4 
2100L at the end of 8 years ; what is the equated time fo|- 
one payment, reckoning 5 per cent, simple interest ? 

Ans. 7 years* 

3. Suppose 300L are to be paid at one year's end, and 
3001, more at the end of 1^ year ; it is required to find the 
time to pay it at one payment, 4 per cent, simple interest be- 
ing allowed i Ans« ^•^48437' year^ 



COMPOUND INTEREST- 

Compound Interest is that, which arises from the prinr 
cipal and interest taken together, as it becomes due, at the 
end of each stated time of psLyment. 

I^ULE.* 

1. Find the amount of the given principal for the time of 
the first payment by Simple Interest* 

2. Consider this amount as the principal for the second 



* The reason of this rule is evident from the definiliqp, and- 
the principles pf Simple Interest. 



COMPOUND INTEREST. 9or 

{)aym6nt, whose amount calculate as before, and so on 
through aU die payments to the last, still accounting the last 
amount as the principal for the next pajnnent* 



EJCAHPLES* 

1* What is the amoiinl; of 320L 10s. for 4 yeats, at 5 per 
cent, per annum, compound interest ? 

•3l\^)320l. 10s. 1st year's principal* 

16 6d. 1st year's interest* 

2d year's principal. 
. 2d year's interest. 

3d year's principals •, 

3d year'^s interest. 

4th year's principal. 
4th year's interest. 

389 11 4| whole amount, or answer required. 

2. What is the compound interest of 760L 10s. forbom 4 
years, at 4 per cent. ? Ans. 1291. 3s. 6|d. 

3. What is the compound interest of 4101. fotborn for 2^ 
years, at 4^ per cent, per annum ; interest payable half- 
yearly ? Ans. 48l. 4s» ll|d. 

4. Find the several amounts of 501. payable yearly, half- 
yearly, and quarterly, being forbom 5 years, at 5 per cent, 
per annum, compbund interest. 

Ans. 63L 16s. 3ld. 641. and 641. Is, Q^d. 



,V)336 
IB 


lO 
16 


9 


,V)3«3 
17 


7 
13 


0* 

4 


»V)3ri 

18 

a 



11 






A 



Ste COMPOUND INTEREST. 

COMPOUND INTEREST BY DECIMALS^ 

1 ■ 

' RULE.* 

1. Find the amount of IL for one year at the given rat6 
percent. 



* Dkmonst&ation. Xiet r bs amount of 11. for one year^ 
zndfi =3 principal ot given sum ; then since r is the amount of 
11. for one year, r* will be its amount for 2 years, r * for 3 years,. 
and so on ; for when the rate and time are the same, al} princi- 
pal sums are necessarUy as their amounts ; and consequently 
as r is the principal for the second year, it will be as 1 : r : : r 
; r' = amount for the second year, or principal for tRe tliird ; 
and again, as 1 .: r : : r* : r ^as amount for the third year, or 
principal for the fourth, and so on to any number of years. And 
if the number of years be denoted by ti the amount of 11. for t 
years will be r*. Hence it will appear, that the amount of any 
other principal sum/^ for t years is/ir' ; for as 1 : r* : : /i : fir*^ 
the same as in the rule. 

If the rate of interest be determined to ady other time than a 
year, as ^, \y Sec. the rule is the same, and then r will represent 
that stated time. 

V ^ amount of 11. for one year at the given rate per 

cent. 
fi = principal or sum at interest. 
i = interest. 
/ = time. 
m, 8s amount for the time t. 



Let< 



/ 



Then the following theorems will exhibit the solutions of sjl 
the cases in compound interest. 



N 



tOitPOVltb tNtftREST. to* 

t. IhTolve the amount j thus found} to sucb a poWef^ to is de* 
lioted by the number of years. 

I. fir^xsm 11. /rr'— ^=s/. 



"^- ^'> <^- 7 



as r* 



The mo&t convenient ws^y of giving the theorem fot the tt*«ff^i 
as well as for ail the other c^scs, will be by logarithms, as fol- 
lows. 

I. txlog.t+log.Ji:sslog,m. 11. log.ni.'^Xlog.r^log:/in 

111. ^ ,».^, IV. ^ =/o» y.^ . 

log, r . / '^ 

If the compound interest, or amount of any sum, be required ' 
fpr the parts, of a year, it may be determined as follows. 

I. When the time is any aUfuot part of a y^ar, 

RULE, 

1. Find the amount of 11. for one year, as before, and thdt 
root of it, which is denoted by the aliquot part, will be the 
amount sought. 

3. Multiply the amount, thus found, by the principal, i^nd it ' 
will be the amount of the given sum requiredt 

II. mien the time ia not an aHquot fiart of a year, 

HULE. 

1. Reduce the time into days, and the 365th root of the 
amount of 11. for one year is the amount for one day, 

2. Raise this amount to that power, whose index is equal to ^ 

the number of days, and it will be the amount of 11. for the yiv*- 

en time^ 

27 ' 



3. Multiply iJm PPW^r by th^ princip4, gr giyen si^iiy 
and the product will be the aniouQt required. 

4* Subtract die principal from the amount, and the re- 
mainder wi)l b^ the in^rest» 

EXAMFLSS. 

1. What is tl^e compound interest of 5001. for 4 years, at 
5 per cent. p(ir anqum ? 

1K)5 = amount of Ih for one year at 5 per 
1*05 cent. 

525 
1050 



1«1025 
^1025 

55125 
22050 
1 10250 
11525 



l,21550625z:4th power of 1-05. 
500= principal. 



607*75312500= amount. 
500 



107*753125=1071. 15s. 0|d. = intere^ required. 

3. Multiply this an^unt by the principal, and it will be the 
amount of the given sum required. 

To avoid extracdng very high roots, the same may be done 
by logarithms thus ; divide the logarithm of the rajte, or angiount 
o£ IL for one year, by the denominator of the given ^li^ot; party 
and the quotient will be the logarithm of the root sought. 



ANNUITIES. 911 

. % What is the amount of /60l. iOs. for 4 years, si 4 per 
cent. ? Anst'SS"^* ISs. 6|d. 

3. What is the mount of 721l. for 21 years, at 4 per cent, 
per annum ? Ans. 1642L 19s. lOd. 

4. What is the amount of 2171. fbrbprn 2^ years, at 5 per 
cent* per annum, supposing th^ interest payable quarterly i 

Ans. 2421. 13s. 4|d. 



•«!'< 



ANNUITIES, 

An Annuity is a sum of money payable every year, for 
a certain number of years, or forever. 

When the debtor keeps the annuity in his own hands, be- 
yond the time of payment, it is said to be in arrears^ 

; The sum of all the annuities for die time they have been 
forbom, together with the interest due upon each, is called 
the amount. 

If an annuity be to ht bought off, or paid all at once, at 
the beginning of the first year, the price, which ought to be 
given for it, is called the present worfh. 

To find the amount of an Annuity at Simple Jktiresf* 

RULE.* 

1. Find the sum of the natural series of numbers 1, 2, 3, 
8tCfc to the number of yeak^ less one. 

* DsMONirr&ATibit. Whatever the tinid is, there is due up- 
on the first year's annuity, as ih^ny years' ifiteirest a^ the whole 



»ia ' ANNUltlE* 

2. Multiply this B^m by one year's interest of the annuttyi 
and the product will be the whole interest due upon the ao« 
tiuity. 

3* To this product add the product of the annuity and. 
time, and the product will be the amount sought. 



number of years less one ; and gradually one less upon every 
succeeding year to the last but one ; upon which there is due 
oi^ one year's interest, and none upon the last ; therefore i% 
the whole there is due as many years' interest of the annuity, as 
the sum of the series 1, 9, 3, 4, &c. to the number of years less 
one. Consequently one year's interest, multiplied by this $um» 
must be the whole interest due : to which, if all the annuities be 
added} the sum is plainly the amount. Q. £. D. 

Let t be the ratio, n the annuity, t the time, and a, the 
amounts 

Then let the foltowitig theorems give the soiutions of all \h$^ 
ififferent cases. 



/•n—rn 



in. __i__=,„. IV. ?f +£ 

t*r — tr-\-it m A, 






In the M&l theorem d s ^ — > — , and in theorem first, if a 

m ^ 

sum cannot be found equal to the ^i^aoun^, the problem is iiti* 
|>osnble in whole years. 

NoTX. Some writers look upon this method of finding th^ 
amonnt of an annuity as a species of Comfiound Interest ; the 
imnuity itself, they say, being properly the Simple Interest, ap4 
t]^ capital, whence it arises^ ^e principals 



ANNUITIES. %l% 

ifoTE. When the annuity is to be paid half-yearly of 
quarterly ; then take, in the former case, \ the ratio, ^ the 
annuity, arid twice the number of years ; and in the latter 
<:ase, ^ the ratio, ^ the annuity, and 4 times ihe number df 
J^ears, and proceed as before. 



!• What is the amount of an^ anmiity of SQL for T yt^% 
^dlowing simple interest at 5 per cent. ? 

1 +2+3 +4iJ-5+6==2 l=s3xr 

SL 10s.3:l year's interest of SGi^ 
3 



7 10 



52 10 
350 0=50l. X f 



4021. 10s. = amount required. 

2. If a pension of 6001. per annum be forbora 5 yeara^ 
wfa&t will it amount to, allowing 4 per cent* simple interest i 

Ans. 3240l« 

3. What will an annuity of 2501. amount to in 7 years, to 
be paid by half yearly payments, at 6 per cent, per annum, 
W>iplc interest i 

Atis. 2091k 5sl 



ft 1 4 Al^NUItlES: 

To find the present worth of an Annuity at Simple Interest* 

RULE.* 

Find the present worth of each year by itself, discounting 
from the time it becomes due, and the sum of all these will 
be the present worth required^ 



* The reason of this rule is manifest from the nature of dis« 

count, fdr atl the annuities may be considered separately, as so 

» many single and independent debts, due after 1^ 3, 3, &c. years ; 

so that the present worth of each being found, their sum must 

be the present worth of the whole. ^ 

The estimation, however, of annuities at simple interest is 
highly unreasonable and absurd. One instance only will be suf- 
ficient to show the truth^f this assertion. The price of an an- 
nuity of 501. to continue 40 years, discounting at 5 per cent, will, 
by either of the rules, amount to a sum, of which one year's in- 
terest only Exceeds the annuity. Would it not therefore be 
highly ridiculous to give, for an annuity to continue only 40 
years, a sum, which would yield s^ greater yearly interest for- 
ever. 

It is most equitable to allow compound interst. 

Let fi » present worth, and the other letters as before. 



Then 




1 1 1 I 

1 1 . — Sec. to —- — ==A. 

Xr l+2r I+3r ' l+tr 



I* I i -tmmmttmimii^hmmmmmm^^mH^ttm^* 



1 1 1 I 

' 1+r l+2r^ l+3r' \+tr 

The other two theorems for the time and rate cannot be giv- 
en in general terms. 



AKNUITIESr. tlS 



EXAMPLES. 



1. What is the present worth of an anuiuty of lOOL to 
continue 5 years, at 6 per cent, per ann^m, simply interest J 

: 100 : 94-3396 = present worth the first year. 



106 : 100 
112 ; 100 
118 : 100 
)24 : 100 
130 : 100 



100 ; 89*2857 =; 2d year* 

100 : 84-7457 = 3d year. 

100 : 80-6451 = 4th yfiar, 

lOQ : 76-9230 = ; 5th year; 



4^.9<^1 =5: 4351. 1^88. 9^d. a present 
worth of the annuity Required. 

2. What is the present worth of an annuity or peijislon, of 
500l. to continue 4 years, at 5 per cent, per annum, simple 
interest ? Ans. 1782L Ss. 8|d. 

To find the Amount of an Annuity at Compound Interest. 

EULE.* 

Make 1 the first term of ageonaetrical progression^ and; 
the amount of 11. for 1 year, at the given rate per cent* the 
ratio. 



* Demomstratioh. It is plain, that upon the first year's 
annuity, there may be due as many year's, compound interest as 
the given number of years less one, and gradually o|e year's 
interest less upon every succeeding year to that preceding the 
' last, which has but one year's interest, and the last bears no in- 
terest. • 

Let r therefore =» rate, or amount of 11. fjo^r I year ; then 
the series of amounts of 11. annuity, for several year's, from the 



iiid annuities: 

2. Cany the series to as many terms as the number o^ 
years, and find its sum. 

'■Si 

3. Multiply the suttk thus found by the giten annuity, and 
die product will)>e the amount sought. 



BXJIMPHES'. 

1. What is the atnount of an annuity of 40L to continue ^ 
3rears, allowing 5 per cent, compound interest ? 



i«*Mi^MMMi*i«* 



first to the last, is I9 r, r* , r^, &c. to r^l. And the sum of this 

according to the rule in Geometrical Progression, will be j:~r « 

amount of 11. annuity for t years. And all annuities are propor-* 

^ — 1 r* 1 

tional to their amounts, therefore 1 : . : s n : LX n es 

r-^1 r— -I 

ainount of any given annuity n. Q. £. D, 

Let r =s rate, or amount of U. for one year, and the other 
, letters as before, then xnssa. and ^r^ =^. 

And from these equations all the cases relating to annuities, 
or pennons in arrears, may be conveniently exhibited in loga-r 
rithmic terms, thus : 



L jLo^. n+Log. rt^X^^Log. r^^X^Log, a. 



II. Log, a^-^Log. rfr-.l+ Log, r^^Xs^Log, n. 



m, LoS'<^r^'¥n- Log.n_^ j^; r'_?l . 1 -1 c=0. 

Xog. r. n ^ n 



ANNUITlfea. ttf 

5*^2563125 
40 



22102525 
20 



0*505 
12 

6*06 Ans. 221 L 6d. 

i. If 501. yearly rent, or annuity, be forbom 7 year^, yrhaii 
ViUit amount to, at 4 per cent, per annum, conipouml inter.^ 
^8t? Ans. a94l. 18s. 3|d. 

Tojind the present value of Annuities at Compound Interest. 

RtJLE.* 

m 
1 

1. Divide the ahnuity by the ratio, or the amount of ll:. 
fbr one year, and the quotient will be the pre^nt worth of 
the first year's annuity. 



.^ 



■flF 



* The reason of this rule is evident from the nature of the^. 
ijuesdon, and what was said on the same subject in the piUrchas-^ 
ing of annuities at Simple Interest. 

Let p as present worth of the annuity, and the bther letters as 

kefore^ then as the amount sa-^ — --xn, and as the present worth 

7*— — 1 

or principal of this, according to the principles of Compound In- 
teriest, is the amount divided hj r*i therefore 



- 1 , r#+l-V 

And from these theorems all the ca^s/ where the purchase. 

28 



sit ANNUITIES. 

2. Dmde tbe annuity by the square of the ratio, and tte 
quotient will be the present wordi of the- annuity for the sec-' 
ond year. 



of annuities isconceinedy may be exhibited in logaridimic teFOis^ 
aa follows. 

L Log. u+Log. 1 — '^ L og. r — 1 ^Log.fi. 
II. Log.ft+Log.r — 1-^0^. 1 — ^^Log.n. 



Log.r . P fi 

Let t express the number of half years or quarters, n the half 
year's or quarter's payment, and r the sum of one pound and f 
or ^ year's interest, then all the preceding rtdes are applicaUe 
to half-yearly and quarterly payments, the same as to whole 
years. 

The amount of an annuity may aho bt found for years and partn 

of a year thus : 

(. Fmd the amount for the whole years as before. 

. 3. Find the interest of that amount for the given parts of a 

year. 

3. Add this interest to the former amount, audit will givb 
the whole amount required. 

JVie fireaent worth of an annuity for yearn arid parts of a year 

may be found thus : 

1. Find the present worth for the whole years as before. 

3. Find the present worth of this present worth, discounting 
for the given parts of a year, and it will be the whole present 
worth required. 
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3« Find, in like manner, the present worth of each year 
by itself, and the sum of all these will be the yalue of t^e an- 
nuity sought. 

EXAMPLES. 

^ !• What is the present worth of an annuity of 40L to con- 

Ifcinue 5 years, discounting at 5 per cent, per annum, cotti* 

pound interest? 

[year, 
ratio = l-05)4O*O0O00(38*095= present worth for first 

ratio| = l-1025)40-OOOQO(36-28l= do. for 2d year. 

ratio|^=M5r$25)40-(X)000(34-556r= do. for 3d year. 

ratio|*=l'215506)4000000(32-899== do. for 4th year. 

ratio|'=l*2r6218)4O-00000(31'342= do. for 5th year, 

1 73-1 73 = 1 731. 3s. Sid. =^ 
whole present worth of the annuity recjuired. 

, 2. What is the present worth of an annuity of 211. lOs. 
9|d. to continue 7 years, at 6 per cent, per annum, com- 
pound interest? Ans. 1201. 5s. 

3, What is 70l« per annum, to continue 59 years, wotth 
in present money, at the rate of 5 per cent, per annuni ? 

Ans. 1321 '302 IL 

To find the present worth of a Freehold Estate^ or an Anniii- 
ty to continue forever^ at Compound Interest* 

KULE.* 

As the rate per cent* is to }00l. sp is the yearly rent toi 
the value required. 



wmfmairmt 



* The reason of this rule is obvious ; for since jei year's inters 
^t of the priccy which is given for it| is ti^ annuit^} Ui^r^ cm 



3S6 ANNUITIES. 

Ir An estate bringp in yearly 791. 4s« what would it sell 
^r, allowing the purchaser 4^ per cent^ tompound interest 
A>r his money ? 

4^5 : 100 : : 79'2 : 

100 



4*5)7920'0(ir60l. the apswer, 
45 



342 
315 



270 
270 



■ri« 



neither more nor less be made of that pricp than of the annuity | 
irhether \t be eimployed at umple o^ compound interest. 

The 8£^me thing may be shown thus : the present worth of an 
flpnuity to condnue foreycr is-+Tr+"-r + Tr> *^C' ^^ infini* 

tftnij as has been shown before ; but the sum of this fteries, by 

' n 
the rules of Geometrical Progression, is ?; therefore r—^1 : 

I : ; n • J. which is the rule, 

r— I 

Thp following theorems show all the varieties of this rule. 
I. ^— --sa/r. II. rHTx/ifflsw. III. — J- l=sr, or-«rr-l. 



The price of a freehold estate, qr an annuity to continue for? 
^vcr, at simple interest, would be expressed by —— + ■ ■ 

hT^, ^ ^'* ^^ infimtitm >* but the sum of this se- 



'■'" l+3r • l+4r 

lies is infinite, or greater than any assignable number, which 

aiiffieiently shows the absurdity of psing simple interest in th^sf 



ANNUITIES. •! 

2. What 19 the price of a perpetual annuity of 401. dis-^ 
^counting at 5 per cent* compound interest ^ Ans. 800l^ 

3* What 18 a freehold estate of 75h a year worth, allow-^ 
tng the buyer 6 per cent* compound interest for his money ? 

Ans. 12501. 

To ^nd the present worth of an Annuity ^ or Freehold Estate, 
in Reversion^ at Compound Interest* 

RULE.* 

1. Find the present worth of thje annuity, as if it were to 
be entered on immediately. 

2. Find the present worth of the last present worth, dis-r 
cQunting for the time between the purchase and commence- 
ment of the annuity, and it will be the answer required* 

1. The reversion of a freehold estate of 791. 4s. per an-t 
num to commence 7 years hence, is to be sold : what is it 
worth in ready money, allowing the purchaser 4| per cent, 
for his mon^y ? 



* This rule is sufficiently evident without a demonstration. 

Those, who wish to be acquainted with the manner of com^ 
puting the values of annuities on lives, may consult the wridnga 
of Mr. Demoivrb, Mr. Siicpsok, and Qr. Paics, all of whom 
have handled this subject in a very skilful and masterly man^ 
ner. 

Dr. Prick's Treatise on Annuities and Revolutionary Pay^ 
ments is an excellent performance, and will be found a very 
yaluable acquisition to those, whose inclinations l9a4 them to 
studies of this nature. 



Qn ANNUITIES. 

4*5 : job : : 79*2 : 

100 



4»5)7920K)( J 760 = present worth, if 
^ 45 entered on in^r 



342 

3i5 

aro 

270 



mediately. 



1^ 1-0451 =? l-36O862)tr6O-O00(1293-29r = J2931. 5», 
ll^d. = present worth of t760L for 7 yeai^, or the who% 
present worth required. 

« 

2* Which is most advantageous, a term of 15 years in an 
99tate of lOOU per annum, or the reversion of such an estate 
forever, after the expiration of the said 15 years, computing 
at the rate of 5 per cent, per annum, compound interest ? 

Ans. The first term of 15 years is better than the rev^rr 
sion forever afterward, by 75L 18s. T^d» 

3. Suppose I would add 5 years to a running lease of 15 
years to come, the improved rent being 1861. 7s* 6d. per an- 
num ; what ought I to lay down for this favour, discountr 
^ng at 4 per cent, per anm^m, compound interest? 

Ans. 46(A. 14& Ifd. 



SWINGLE POBlTlOtf. aH 



POSITION. 

P()8iTioN 18 si method of performing such questions, as 
^iafmot be resolved by the common (firect rules, and is of 
iwo kinds^ called singk add double. 

SINGLE POSITIOI^. 

Single Position teaches to resolve those questions, whose 
Results are proportional td their suppositions. 

* Rt/LE.* 

1. Take any number and perform the same operations 
with it, ^ are described to be performed in the question; 

2. Then say, as the result of the operation is to the posi- 
tion, so is tiie result in the question to the number required. 



* Such questions properly belong to this rule, as require ther 
multiptication or division of the number sought by any propos- 
ed number \ or when it is to be increased or diminishQd by it- 
self, or any parts of itselfi a certain proposed number of time?. 
For in this case the reason of the rule is obvious ; it being then 
^ident, that the results are proportional to the suppositions. 

nx I X I I na I a 



Thus< 



n n 

— JL — > ^c. : X : : — + — , 8cc : a, and so on, 
n m n — m 



Note. 1 may be made a constant supposition in all ques' 
tfons ; and in most cases it is better than any other numbqr. 



§94 SINGLE I<OSITIOlr. 

XZAXPLE8. 

1. A's age is double that of B, and B's is triple thdt of 
C, aiid the sum of all their ages is 140 : t^hat is each pe]^« 
son^s age i . 

Suppose A's age to be 60 
Then will B's = •• = SO 

AndC's=V= ^^ 

100 sum. 
As 100 J 60 : i 140 : ^^^ = 84=A^s age. 

Consequently ^ = 42=B*s. , 
And V = 14=C's. 

140 Pi oof. 

2. A cettain sum of money is to be divided between 4' 
persons, in such a manner, that the first shall have | of it ; 
the second ^ ; the third f ; and the fourth the remainder, 
which is 28L : what is the sum? Ans. 11 2L' 

3. A person, after spending <| and ^ of his money, had 
6cL left : what had he at first ? Ans. 1441. 

4. What number is that, which being increased by ^, -f , 
and ^ of itself, the sum shall be 125 f Ans. 60. 

5. A person bought a chaise, horse, and harness for 60l. ; 
the horse came to twige the price of the harness, and the 
chaise to twice the price of the horse and harness : what did 
ke give for each i , 

Ans. fSL 6s. 8d. for the hoiile, 61. 13s. 4d. for the har- 
ti<»S9, and 40l. for the chaise. 

6. A vessel has 3 cocks, A, B, and C ; A can fill it in 1 
hour, B in 2, and.C in 3 : in v/hat time will they all fill it 
together? . Ans. ^ hour. 



bbUBLE POSltlO^f. ^%$ 

DOUBLE POSITION- ^ 

Aoubk PQsition teaches to resolve questions by making 
two suppositions of false numbers* 

RULE.* 

1. Take any two convenient numbers, and proceed with 
each according to the conditions of the question. 

* The rule is founded on this supposition, that the first errot' 
is to the second, as the difference between the true and first sup^ 
posed number is to the difference between the true and second 
supposed number i when that is not the case, the exact answer 
to the question cannot be found by this rule. 

That the rule is true, according to the supposition, may be 
dius demonstrated. 

Let A and B be any two numbers, produced from a and b hf 
similar operations : it is required to find the number, from 
which JV*is produced by a like operation. 

Put X BA number required, and let ^l— .f«r, and A^— 5=*. 

Then according to the supposition, on which the rule is founds 
ed) r : « : : jr— *« : x-— 3, whence, by multiplying means and 
extremes, rx^-»rb:^9x*-^^a ; and, by transposition, rx— f^csrd 

— «a ; and, by divisioni x=— — *» number sought. 

Again, if r and • be both negative, we shall have — ^^ : — ^ 
: i or— -a : x— 3, and therefore —rx+r5 =s—^x+«i / and 

exssrb^'^sa ; whence jccs— — , as before. 



In like manner, if/* oir 9 be negative, w« shall have xsm — It— > 
by working as before, which is the rule. ' 

NoTB. It will be often advantageous to make 1 and the 

suppositions. 

29 
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2. Find how much the results are^iflerent from the result 
in the question. 

3* Multiply each of the errors by the contrary supposi- 
tion, and find the sum or £fference of the products. 

4. If the errors be alike, divide the difference of the pro* 
ducts by the difference of the errors, and die quotient will 
be the answer. 

5L I£ the eirois be unlike, divide die sum.of the products 
by the sum of the errors, and the quotient will be the an- 
swer. 

Note. The errors are said to be aGkCy when they are 
both too great or both too litde ; and unlike j when one is too 
great and the odier too litde. 



1. A lady bought tabby at 48. a yard, and Persian at 2s. 
a yard ; the whole number of yards she bought was 8, and 
the whole price 20s. : how maiqr yards hadshe of each sort ? 

Suppose 4 yards of tabby, value 16s. 
Then she must have 4 yards of Persian, value 8 

Sumof their values 24 

So that the first error is + 4 
Agsun, suppose she had 3 yards of tabby at 12s. 
Then she must have 5 yards of Persian at 10 

Sum of their values 22 

So that the second error is -f- 2 
Then 4—2=2= difference of the errors. 
Also 4x2=8= product of the first supposition and sec- 
ond error. 
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And 3x4==12=; product of the second supposition by the 
first error* 

And 12—8=4= their difference. 

Whence 4r-r-2=2= yards of tabby. 1 ,, 

Aad 8— 2=6= yards of Persian, r**"^^- 

2. Two persons, A and B, have both the same income ; 
A saves -J of his yearly ; but B,by spending S0\, per annum 
more than A, at the end of 4 years finds himself lOOi. in 
debt : what is their income, and what do they spend per an- 
num f 

Ans. Their income is 125L per annum ; A spends lOdL 
and B 150L per annum. 

3. Two persons, A and B, lay out equal sums of money 
in trade ; A gains 126L and B loses 871. and A's money ic 
now double that of B : what did each lay out ^ Ans.*300L 

4. A laborer Was hired for 40 days, on this condition, 
that he should receive 20d. for every day he wrought, and 
forfeit lOd. for every day he was idle ; now he received ift 
last 21. Is. 8d. : how many days did he work, and how ma- 
ny was he idle ? 

Ans. He wrought 30 days, and was idle 10. 

5. A gendeman has two horses of considerable value, and 
a saddle worth 5Ql. ; now, if the saddle be put on the back 
of the first horse, it will make his value double that of the 
second ; but if it be put on the back of the second, it will 
make his value triple that of the first : what is the vslue of 
each horse i Ans. One 30l. and the other 4tiL 

6. There is a fish, whose head is 9 inches long, and his 
tail is as lopg as his head and half as long as his body, and 
his body is as long as his tail and his head : what is the 
whole length of the fish i Ans. 6 feet. 
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PERMUTATION AND COMBINATION. 

The Permutation tf ^umtities is the showing how many 
different ways the order or position of any given number of 
things may be changed. 

■ 

ThU 19 silso called Variatiorij MternatzQn^ ov Changes i 
<)ndtheopIy thing to be regarded here is the order they 
stand in ; for no two parcels are to have all their quantities 
placed in the same situation* 

The Combination of Quantities is die showing how often 
a less number of things can be taken oi;t; of a greater, and 
combined together, without considering their places, or th^ 
order they stand in. 

This i$ soineumes called Ekction^ or Choice; and here 
every parcel must be different from all the rest, and no twp 
9re to have precisely the s^me quantities, or things. 

Tlie Composition of Quantities is the taking a given nunv* 
ber of quantities out of as many equal ro^ys of different quan- 
tities, one out of each row, and combining them together. 

Here no regard is had to their places ; and it differs from 
conibination only,, as that admits of but one row, or set of 
things* 

Combination of the same form are those,, in which there is 
the same number of quantities, and the same repetitions c 
Ihus, abccj bbady deef &c* are of the same form ; but obbCy 
Mb J aacc^ &c. are of different forms. 
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S PROBLEM !• 

To find the number of permutations ^ or changes^ that can k^ 
ma4e of any given number of things^ all different from 
each other* 

* 

RULX.* 

Multiply all the terms of the natural ^erie^ of numbers^ 
from 1 up to the given number^ continually together, and 
tbe last product will be the answer required. 

1. How many changes msiy be made with these tl|ree lef-: 
ters, abc ? ^ 

1 

2 Or 1x2x3=^ the answer, 

2 



^f^»^»m>mi^m^^mmmmmmmmmm,mmmmmmi»mm0mm^^^mmmmm,^mm 



* The reason of the rule may be shown thus : any one things 
f , is capable only of one positiouj as a* 

Any two things, a and 3, are only capable of two variations ; 
^ ad| ba i whose number is expressed by 1 x3. 

If there be 3 things, a, bj and r, then any two of them, leav-^ 
in^ out the thirdi vrill hay^ 1 x9 variadons ; and consequently, 
when the third is taken in, there will be 1x2x3 variations. 

In the same manner, when there are 4 things, every 3, leaving 
put the forth, will have 1x2x3 variatbns. Then, the fourth 
being taken in, there will be 1 X2 X 3 X4 variadons. AQd ^ 091^ 
ys &r as you please. 
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the changes. 
abc 
acb 

bac 
bca 
cab 
cba 

2. How many changes may be rung on 6 bells I 

Ans. 720. 

3* For how many days can 7 persons be placed in a dif- 
ferent position at dinner \ Ans* 5040 days. 

4. How many changes may be rung on 12 bells, and bow 
long would thiey be in ringing, supposing 10 changes to be 

. rung in 1 minute, and the year to consist of 365 day^ 5 hours 
and 49 minutes ? 

Ans. 479001600 changes, and 91y. 26d. 22h. 41m. 

5. Ho^ many changes may be made of the words in the 
following verse ? Tot tibt sunt dotes^ virgOy quot sydera cash. 

Ans. 4032a 

PROBLEM 2. 

Any number of different things being gtven^ tiijind htrw tfid^ 
ny changes can be made out ofthem^ by taiing any given 
number at a liime* 

RULE.* 

Take a series of numbers, beginning at the number of 
things given, and decreasing by 1 till the number of terms 



**■*—.» I ■■ I >.■—**•.— ■iiMi»^iM.—**i*<l*wi*iM«——i^i^w*— 



• This rule, expressed in terms, is as fellows : mxm-^i X 



ff^<-2Xm— -^, 8cc. to 71 terms; where m m number of things 
(ivenj and n =b quantides to be taken at a time. 
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be equal to the number of things to be taken at a time, and 
the product of all the terms will be the answer required. 



In order to demonstrate the rule^ it will be neCQSMvy to fre^ 
mise the following 

LEMMA. 

The number of changes of m things, taken n at a time, is equal 
to m changes oftn^-^l things, taken n— I at a time. ' 

Demonstration. Let an^r 5 quantities, abcde^ be given. 

First, leave out the a, and let v = number of all the varia« 
lions of every two, 6c, bdj &c. that can be taken out of the 4 re- 
maining quantities, bcde, ^ 

Now let a be put in the first place of each of them, abcy abd^ 
Sec. iand the number of changes will still remain the same ; that 
is, V s number of variatons of every 3 out of the 5 , abcde, when 
a is first. 

4 

In like manner, if 6, r, dy e, be successively leftouti thenum-% 
ber of variations of all the twos will also sb i; ; and 6, r, dj e, be- 
ing respectively put in the first place, to make 3 quantities out 
of 5, there will still be v variations as before. 

But these are all the variations, that can happen of 3 things 
out of 5, when a, 6, c, cf, e, are successively put first ; and there- 
fore the. sum of all these is the sum of all the changes of 3 
things out of 5. 

But the sum of these is so many times Vj as is the number of 
things ; that is, 5v, or mv, k all the changes of three things out 
of 5. An^ the same way of reasoning may be applied to any 
numbers whatever. 

Demomsteatiom of the Rul£. Letany 7 things, adr£?e/^> 
be given, and let 3 be the number of quantities to be taken. 

Then.^asT, and«=s:3. 
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BXAMFLXt. 

1. How many changes may be made out of the d letters^ 
Ac, by taking 2 at a time. 

2 'Or 3X2=6 die answer- 

6 Xhe changes. 

hd 
ac 
ca 
be 
cb 

2. How many words can be made with 5 letters of thef 
alphabet, it being admitted, that a nmnber of consonants may 
make a word ? Ans* 5100480; 

PROBLEM 3. 

Arty number of things being giveny whereof there are several 
given things of one sort^ severed of another ^ &?c# to find 
how many changes can be made out of them alL 



Now it is evident, that the number of changes, that can b« 
made by taking 1 by 1 out of 5 things, wiVi be 5, which let » v. 

m 

Then, by ihe lemma, when mtsx6 and nsBe3, the number of 
changes will = nf>vrsi6xs ; which let » va second time. 

Again by lemma, when m=:7 and nssS, the number of chang<« 

es s=s mT;«s37X6X5 ; that isymvssmXm — Ixm— ^3, continued to 
3, or n terms. And the same may be shown for any o^her nujai* 
bers'. 
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RULE.* 

1. Take the series 1, 2, 3, 4, &c. up to the number of 
things given, and find the product of all the terms. 



• This rule is expressed in terms thus : 

1X2X3X4X5, &c. to w , , 

__.^__ : • where m as number 

1X2x3, &c. to ^ XlX2x3, &c. to g^^C, 
of things given, ^ = number of things of the first sort, g = num- 
ber of things of the second sort, Sec. 

The DEMONSTRATION may be shown as follows. 

Any two quantities, a, d, both different, admit of 2 changes ; 
but if the quantities be the same, or ab become aa, there will 

1x2 

be but one alteration, which may be expressed by-| — ---=b l . 

Any three quantities, adc, all different from each other, afford 

6 variations ; but if the quantities be all alike, or abc become 

aauj then the 6 variations will be reduced to 1) which may be 

I X2 x3 
expressed by - — •- — -= 1 . Again, if two of the quantities on- 

* X2X3 

ly be alike, or abc become aac, then the six variations will be re* 
duced to these 3, aacj cauy and acuy which may be expressed by 
1X2X3 



1X2 



= 3. 



Any four quantities, abed, all different from each other, will 
admit of 34 variations ; but if the quantities be the same, or 
abed become aaaa, the nupiber of variations will be reduced to 

one ; which is s=; — - — •— -=1. Again, if three of the quan- 

1X2X3X4 ^ ^ 

titles only be the same, or abed become aaaby the number of va- 
riations will be reduced to these 4, aaab, aaba, abaa^ and baaa^ 

1 X2x3 X4 
which is = — : — - — -- =*4. And thus it may be shown, that, 

1X2x3 ^ ^ ' ' 

39 
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2. Take the series 1 9 2, 3, 4, 8cc« up to the number of giv-«. 
en things of the first sort, and the series 1, 2, 3, 4, &c* up 
to the number of given things of the second sort, &c« 

3. Divide the product of all the terms of the first seric& 
by the joint product of all the terms of the remaining ones^ 
and the quotient will be the answer rec^uired* 

EXAMPLES. 

1. How many variations nvay b.e made of the letters in the 
word Bacchanalia ? 

lX2(=number of cs)= 2 
1X2X3 x4(=number of fls)=: 24 
lX2x3x4x5X6X7X8X9xlOxll(=number of letters in thft 
word)=:3991680D. 

2X24=48)39916800(831600 the ajiswer< 

tSl ' 

rs 

288 



2. How many diflFerent numbers can be made of the fol-^ 
lowing figures, 1220005555 ? . Ans. 12600^ 

3. What is the variety in the succession of the foUpwing 
musical notes, fa, fa, fa, sol, sol, la, mi, fa ? Ans. 3360. 






if two of tl>e quantities be alike, or the 4 quantities be aabc^ the 

number of variations will be reduced to 12, which may be ex-^ 

,. 1X2X3X4 ,^ 
pressed by — - — - — = 1 2. 

1 X2 

And by reasoning in the same manner it will appear, that th© 
number of cjianges, which can be made of the quantities, abbcccy 

w z:^ u- u K 11 1X2X3X4X5X6. 

IS equal to 60, which may be expressed by— 5 — - — - — r — ^^^ 

1X2X1XaX3 

%0 ; and so of any other quandties whatever^ 



3PERMUTATI0N AND COMBINATION* 331; 

PROBLEM 4. 

Y'o find the changes of any given number of things, taken a 
given number at a time; in which there are sevtral giv0n 
things of one sort, several of another, i£?Cm 

1 . iPind all the different forms of conibinatlon of all the 
given things, taken as many at a time as in the question. 

2. Find the number of changes in any form, and multiply 
it by the number of combinations in that form. 

3. Do the same for every distinct form ; and the siim of 
all the products will give the whole number of changes re- 
quired. 

Note. To find the different form^ of combination pro^ 
ceed thu8 : 

1. Place the things so, that the greatest indices may be 
first, and the rest in order. 

2. Begin with the first letter, and join it to the second^ 
third, fourth, &c. to the last» 

3. Then take the second letter, and join it to the third, 
fourth, &c. to the last ; and so on through the whole, always 
remembering to reject such combinations as haVe occurred 
before ; and this will give the combinations of all the twos. 

4. Join the first letter to every one of the twos following 
it ; and the second, third, &c. as before ^ and it will give the 
combinations of all the threes. 



• The reason of this rule is plain from what has been showa 
before, and thp nature of the problem* 
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5. Proceed in the same manner to get the combinations 
of all the fours, &c« and you \f ill at last get all the several 
forms of combination, and the number in each form* 

EXAMPLES. 

1. How many changes may be made of every 4 letters, 
that can be taken out of these 6, aaabbc ? 

No. of Forms. No. of com- No. of changes in 

forms. binations. each form. 

riX2x3x4=24 
1st a^b^a^c 2 < — =.4, 

(.1X2X3 =6 

1X2x3x4=24 
2d a*b* 1 i — =6. 



{: 



X2XlX2=4 



r 1X2X3X4=24 
3d a^bcyb^ac 2 -| — =12. 

tlX2 =2 

4X2= 's 

6X1= 6 

12X2=24 

38 = the number of changes required. 

• 

2. Hqw many chunges ean be made of every 8 letters ou^ 
of the9e }0, aaaabbccde P Ans. 2226Q. 

3. How paany different numbers can be made out of 1 
i|nit| 2 twos, 3 threes, 4 fours, and 5 fives, taken 5 at a time ? 

Ans. 2111^ 
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/ 

PROBLEM 5. 

To find the number of comhinattons of any given number of 
things^ all different from one another^ taken any given 
number at a time* 



RULE* 



# 



1. Take the series 1, 2, 3, 4, &c* up to the number to be 
taken at a time, and find the prodnpt of all the terms. 



* This rule, expressed algebraically, is^X——X — - — X 

— , &c. to n terms ; where m is the number of given quan- 
titles, and n those to be taken at a time. 

Demonstration of the Rule. 1. Let the number of 
things to be taken at a time be 2, and the things to be combined 

Now, when 7w, or the* number of things to be combined, is on- 
ly two, as a and 6, it is evident) that ther^e can be only one com- 
bination, as ab ; but if m be increased by 1, or the letters to be 
combined be 3, as abc^ then it is plain, that the number of com* 
binatiops will be increased by 3, since with each of the former 
letters, a and by the new letter c may be joined. It is evident 
therefore, that the whole number of combinations, in this case, 
will be truly expressed by 1+2. 

Again, if m be increased by one letter more, or the whole 
number of letters be four, as abed ; then it will appear, that the 
whole number of combinations must be increased by 3, since 
with each of the preceding letters the new letter d may be com- 
bined. The combinations therefore, in this case, will be truly 
(expressed by 1+2+3. 

In the same manner it may be shown, that the whole number 
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2. Take a series of as many terms, decreasing by 1 front 
the given number, out of which the election is to be made, 
znd find the product of all the terms. 



of combinations of 2, in 5 things, will be 1+2+5+4; of 2 in 
6 things, 1+2+3+4+5; and of 2, in r, 1+2+3+4+5+6, 
&c. 

Whence universally, the number of combinations of m things^ 
taken 2 by 2, is =» 1+2+3+4+5+6, &c. to m — 1 terms. 

But the sum of this series is «- — i — — - , which is the saitoe 

12 

as the rule. 

3. Let now the number of quantities in each combination be 
supposed to be three. 

Then \t is plain, that when m=3,or the things to be combin-^ 
ed are abc^ there can be only one combination ; but if m be in- 
creased by 1, or the things to be combined be 4, as abcd^ then 
will the number of combinations be increased by 3 ; since 3 is 
the number of combinations of ^ in all tile preceding letters abc^ 
and with each "two of these the new letter d may be combined. 

The number of combinations therefore^ in this case, is 1+3. 

Again, if m be increased by one mor^, or the number of let* 
ters be supposed 5 ; then the former number of combinations 
will be increased by 6 ; that is, by all the combinations of 2 in 
,the 4 preceding letters, abed ; since, as before, with each two of 
these the new letter e may be combinedv 

The number of combinations therefore, in this case, is 1 +3 
+6. 

Whence universally, the number of combinations of »ithingf> 
taken 3 by 3, is 1+3+6+10, &c. to m-— 2 terms. 
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3. Divide the last product by .the former, and the qao-* 
tient will be the number sought. 

EXAMPLES* 

1. How many combinations can be made of 6 letters out 
often? 

tX2X3.x4x5X6(=the number to be taken at a time)=720i 
10X9X8x7'X6X5(=same number from 10)=1512QO 

720)151200(2X0 the answer. 
1440 



720 
720 

Q 

2. How many combinations can be made of 2 letters out 
of 24 letters of the alphabet ? Ans. 276. 

3. A general, who had often been succesful in war,^ was. 
asked by his King, what reward he should confer on him 
for his services ; the general only desired a farthing for ev*^ 
cry file of 10 men in a file, which he could make with a body 
of 100 men ; what is the amount in pounds sterling ? 

Ans. 180315723501. 9s. 2d. 



But the sum of this series is =--- x X , which is the 

1 2 3 

$ame as the rule. 

And the same thing will hold, let the number of things, to be 
taken at a time, be what it may ; therefore the number of com- 
binations of /» things, taken « at a time, will =— X X—— 

wi— — 3 ^ ,*-k *-i -TV 

X — T" > ^c. to n terms* Q. E. D. 
4. 
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PROBLEM 6. 

To find the number of combinations of any given number of 
things^ by taking any given number at a tim£ ; in which 
there are several things of one sort ^ several of another^ fePc. 

BULS. 

1. Find by trial the number of different forms, which the 
things, to be taken at a time, will admit of, and the number 
of combinations in each. 

2. Add together all the combinations, thus found, and the 
sum will be the number required. ^ 

EXAMPLES. 

1. Let the things proposed be ooa^^c ; it is required to 
find the number of combinations, that can be made of every 
three of these quantities. 



Forms. Combinations. 

a^ 1 

a*i, a*c, i*a, b^c 4 . 

abc 1 

6=number of combina- 
tions required. 

2. Let aacAbbcc be proposed ; it is required to find the 
number of combinations of these quantities, taken 4 at a 
time ? Ans. 10. 

3. How many combinations are there in aaaabbccdcy 8 be- 
ing taken at a time ? Ans. 1 3. 

4. How many combinations^re there in aaaaabbbbbccccdd 
ddeeeefffg^ 10 being taken at a time ? Ans. 2819. 
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PEOBLSM 7* 

To find the compositions of any number^ in an equal numbeir 
ofsetSy the things themaehea being all different^ 

RULE.* 

Multiply the number of things in every set continually to-^ 
gether, and the product will be the answer required. 



* Demonstration. Suppose there are only two sets ; then 
it is plaiO) that every quantity of one s^t, being combined with 
every quantity of the other, will make all the compositions oi 
two things, in these two sets ; and the number of these compo- 
sitions is evidently the product of the number of quantities in 
one set by that in the other. 

Again, suppose there are three sets ; then the composition of 
two, in any two of the sets, being combined with every quantity 
of the third, will make all the compositions of 3 in the 3 sets. 
That is, the compositions of 2 in any two of the sets, being 
multiplied by the number of quantities in the remaining set, will 
produce the compositions of 3 in the 3 sets ; which is evidently 
the continual product of all tlie 3 numbers in the 3 sets. And 
the same manner of reasoning will hold, let the number of sets 
be what it will. Q. E. D. 

The doctrine of permutations, combinations, &c. is of very ex- 
tensive use in different parts of the mathematics ; particularly 
in the calculations of annuities and chances. The subject might 
have been pursued to a much greater length ; but what has been 
done already will be found sufficient for most of the purposes, to 
which things of this nature are applicable^ 

31 



S4t MISCELLANEOUS QUESTIONS. 



BXAMPLKS. 

!• Suppose there are 4 companies, in each of which there 
are 9 men ; it is required to find how many ways 4 men may 
Ire chosen, one out of each company. 

9 
9 

81 



729 
9 

6561 
Or, 9x9x9x9=6561 the answer. 

2. Suppose there are 4 companies, in one of which there 
are 6 men, in another 8, and in each of the other two 9 ; 
what «ire the choices, by a composition of 4 men, one out of 
each company i Ans. 3888. 

3. How many changes are there in throwing 5 dice i 

Ans* 7776^ 



MISCELLANEOUS QUESTIONS. 

1. WHAT difference is there between twice five and 
twenty, and twice twenty-five ? Ans. 20. 

2. A was bom when B was 21 years of age; how old will 
A be when B is 47 ; and what will be the age of B when A 
is 60? ' Ans. A 26, B 81. 



MISCELLANEOUS QUESTIONS. S4» 

3. What number, taken from the square of 48, will leave 
16 times 54 ? Ans, 1440. 

4. What number, added to the thirty-first part of 3813, 
will make the sum 200 ? Ans. 77. 

5. The remainder of a division is 325, the quotient 467, 
and the divisor is 43 more than the sum of both : what is 
the dividend? Ans. 390270. 

6. Two persons depart from the same place at the same 
time ; the one travels 30, the other 35 miles a day : how far 
are they distant at the end of 7 days, if they travel both the 
same road ; and how far^ if they travel in contrary direc- 
tions i Ans. 35, and 455 miles. 

7. A tradesman increased his estate annually by lOOU 
more than ^ part of it, and at the end of 4 years found, that 
his estate amounted to 103421. 3s. 9d. What had he at 
first ? Ans. 40001. 



« 



8. Divide 1200 acres of land among A, B, and C,so that 
B may have 100 more than A, and C 64 more than B. 

Ans. A 312, B 412, and C 476. 

9. Divide 1000 crowns ; give A 120 more, and B 95 less, 
than C. Atis. A 445, B 230, C 325. 

10. What sum of money will amount to 1321. 16s. 3d. in 
15 months, at 5 per cent, per annum, simple interest i 

Ans. 1251. 

11. A father divided his fortune among his sons, giving 
A' 4 as often as B 3, and C 5 as often as B 6 ; what was the 
whole legacy, supposing A*s share 50001. ? Ans. 118751. 

12. If 1000 men, besieged in a town with provisions for 
5 weeks, each man being allowed 16oz. a day, were rein- 
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forced with 500 men more* On hearing, that thejr cannot 
be relieved, till the end of 8 weeks, how many ounces a day 
muse each man have, that the provision may lasc that time f 

Ans. 6| oz* 

13« What number is that, to which if |^ of f be added, 
llie sum will be 1 ? • ' Ans. f|. 

J4. A^ father dying left his son a fortune, 1 of which he 
ran through in 8 months ; ^ of the remainder lasted him 
twelve months longer ; after which he had only 410L leftf 
What did his father bequeath him ? Ans. 956L 13s. 4d« 

15. A guardian paid his ward 35001. for 25001. which he 
bad in bis hands 8 years. What rate of interest did he al- 
low him I Ans* 5 per cent* 

16* A person, being asked the hour of the day, said, the 
time past noon is ^ual to»-^ of the time till midnight. What 
iivas the time ? Ans. 20 min. past 5* 

1 7* A person, looking on his watch, was asked, what was 
the time of the day ; he answered, it is between 4 and 5 ; 
\>\xt a more particular answer being required, he said, that 
0ie hour and minute hand^ were then exactly together* 
What was the time ? ^ Ans. 21-j\ minutes past 4* 

18. With 12 gallons of Canary, at 6s. 4d. a gallon, I mix« 
^d 18 gallons of white wine, at 4s. lOd. a gal* and 12 gallons 
pf cider^ at 3s* Id. a gal* At what rate must I sell a quart 
of this composition, so as^to clear 10 per cenf ? 

Ans* Is. Sfd* 
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19. What length must be cut oiF aboard, 8^ inches broad, 
to contain a square foot, or as n>uch as 12 inched in length 
and 12 in breadth ? Ans. 17|f m. 

20. What difference Is there between the interest of 350l. 
at 4 per cent, for 8 years, and the discount of the sartie sum 
at the same rate and for the same time ? Ans. 271.3^^3. 

21. A father devised ^"^ of his estate to one of his sons, 
and ^\ of the residue to another, and the surplus to his re- 
lict for life ; the children's legacies were found to be 257l. 
Ss. 4d. different. What money did he leave for the widow ? 

Ans. 6351. 10|^d. 

22. What number is that, from which if you take ^ of 4, 
and to the remainder add -/y of ^^^ the sum will be 10 ? 

Ans. lOyijV^- 

23. A man dying left his wife in expectation, that a child 
would be afterward added to the surviving family ; and mak- 
ing his wiU ordered, that, if the child were a son, f of his 
estate should belong to him, and the remainder to his moth- 
er ; but if it were a daughter, he appointed the mother f , 
and tl^e child the remainder. But it happened, that the ad- 
dition was both a son and a daughter, by which the widow 
lost in equity 24O01. more than if there had been only a girl. 
What would have been her dowry, had she had only a son ? 

Ans. 2IOOL 

24. A young hare starts 40 yards before a grey-hound, 
and is not perceived by him till she has been up 40 seconds ; 
she scuds away at the rate of ten miles an hour, and the dog, 
fp view, makes after her at the rate of 19* How long will 
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the course continue, and what will be the length of it from 
the place, wher» the dog set out ? 

Ans. 60-^j seconds, and 530 yards run. 

25. A reservoir for water has two cocks to supply it ; by 
the first alone it may be filled in 40 minutes, by the second 
in 50 minutes, and it has a discharging cock, by which it 
may, when full, be emptied in 25 minutes. Now supposing, 
that these three cocks are all left open, that the water comes 
in, and thiit the influx and efflux of the water are always 
alike, in what time would the cistern be filled ? 

Ans. 3 hours 20 min^ 

26. A sets out from London for Lincoln precisely at the 
time, when B at Linccdn sets forward for London, distant 
100 miles ; after 7 hours they met on the road, and it then 
appeared, that A. had ridden 1^ mile an hour more than B* 
At what rate an hour did each of them travel ? 

Ans. A r||, B 6{| milei^ 

27. What part of 3d. is ^ third part of 2d. Ans. |. 

28. A has by him l^cwt. of tea, the prime cost of which 
was 961. sterling. Now granting interest to be at 5 per cent, 
it is required to find how he must rate it per pound to B,so 
that by taking his negotiable note, payable at 3 months, he 
may clear 20 guineas by the bargain ? 

Ans. 14s. 1-J^|d. sterling. 

29. What annuity is sufficient to pay off 50 millions of 
pounds in 30 years, at 4 per cent, compound interest? . 

Ans.2891505L 
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f. 

SO. There is an island 73 miles in circumference, and 3 
footmen all start together to travel the same way about it ; 
A goes 5 miles a day, B 8, and C 10 ; when will they all 
come together again ? Ans. 73 days. 

31* A nKm, being asked how many sheep he had in his 
drove, said, if he had as many more, half as many more, 
and 7 sheep and a half, he should have 20 : how many had 
he? Ans. 5. 

32. A person left 40s. to 4 poor widows. A, B, C, and 
D ; to A he left 7, to B ^, to C |, and to D |, desiring the 
whole might be distributed accordingly ; what is the proper 
share of each t 

Ans. A's share 14s. 4|d. B's 10s. 6||d. C's ?s. 5||d. 

D*s 7s. -Ad* 
I ^ 

33* A general, disposing of his army into a square, finds 
he has 284 soldiers over and above ; but increasing each 
side with one soldier, he wants 25 to fill up the square ; how 
many soldiers had he ? Ans. 24000. 

34. Thereisapri2;eof 2I2I. 14s. 7d. to be divided among 
a captain, 4 men, and a boy ; the captain is to have a share 
and a half; the men each a share, and the boy ^ of a share : 
what ought each person to have ? 

Ans* The captain 541. 14s. ^d. each man 361. 9s. 4|-d. 
and the boy 121. 3s. l^d. 

ZS» A cistern, containing 60 gallons of water, has 3 une- 
qual cocks for discharging it ; the greatest cock will empty 
it in one hour, the second in 2 hours, and the third in 3 : in 
%hat time will it be empty, if they all run together ? 

Ans. 32-^^ minutes. 
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36. In an orchard of fruit trees, ^ of them bear appks, ^ 
pears, |. plumbs, and 50 of them cherries : how many trees 
are there in all ? Ans. 60P* 

37* A can do a piece of work alone in ten days, and B in 
13 ; if both be set about it together, in what time will it be 
finished i Ans« 5^| days* 

38* A, B, and C are to share lOOOOOl. in the proportion 
of ^; ^, and ^, respectively ; but C's part being lost by his 
death, it is required to divide the whole sum properly be- 
tween the other two* 

Ans. A's part is 5n424|f , and B*s 4i2S57-sW 
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